Arthritis Research & Therapy Vol 8 No 3 Ddrner et al. 



Table 6 



Post-treatment increases in NCI CTC v3.0 toxicity grades from 
baseline values 



Labparameter 


No increase 


Toxicity increase 
1 grade 2-3 grades 


Hematology 








Hemoglobin 


10 


4 


0 


Platelets 


12 


2 


0 


WBC 


11 


3 


0 


ALC 


6 


6 


2 


ANC 


13 


1 


0 


Chemistry 








Creatinine 


10 


4 


0 


Total Bilirubin 


14 


0 


0 


Alkaline 
phosphatase 


12 


2 


0 


ALT (SGPT) 


9 


5 


0 


AST (SGOT) 


10 


4 


0 


GGT 


12 


2 


0 



ALC, absolute lymphocyte count, ANC, absolute neutrophil count, 
ALT, alanine aminotransferase, AST, aspartate aminotransferase, 
GGT, gamma glutamyl transferase, WBC, white blood cell 

Discussion 



The pathogenesis of SLE remains enigmatic, but a central fea- 
ture of this disease is the loss of immune tolerance and 
enhanced B cell activity. Although the number of B cells in the 
peripheral blood is often decreased, those that are present 
show characteristic alterations and have abnormal pheno- 
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Serum levels of epratuzumab as detected by ELISA in the patients dur- 
ing the study. 



Figure 5 
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Follow-up of peripheral B cell levels during the study among individual 
study patients. 



types indicative of activation [5,47], Therefore, B cell depletion 
is an attractive therapeutic strategy for patients with SLE. The 
availability of the chimeric anti-CD20 antibody rituximab 
(Rituxan® Genentech, South San Francisco, CA, USA; Biogen 
Idee, Boston, MA, USA) made it possible to test this hypothe- 
sis. 

Initially, Isenberg and coworkers [19] treated 6 patients with 
active and otherwise refractory SLE (median BILAG score 1 4, 
range 9 to 27) with rituximab given in 500 mg doses 2 weeks 
apart with 2 doses of 750 mg iv cyclophosphamide and oral 
prednisolone cover (30 or 60 mg for 5 days). The treatment 
was safe and well tolerated, B cell depletion occurred, and 
BILAG total scores improved at 6 months (median 6, range 3 
to 8). Looney and colleagues [6] initiated an open-label rituxi- 
mab study of 1 7 patients with SLE (> 6 systemic lupus activity 
measurement, SLAM score) who were treated with either one 
100 mg/m 2 dose, one 375 mg/m 2 dose, or four 375 mg/m 2 
doses. Oral prednisone (40 mg for two doses) also was 
administered. B cell decreases were variable, with a 35% 
mean decrease persisting over the 6-month observation 
period, and clinical efficacy was demonstrated in patients with 
B cell depletion. Less than 6/1 7 of their patients developed 
human anti-chimeric antibody (HACA) at a level higher than or 
equal to 100 ng/ml when treated with this protocol. 

All of these studies and case reports have so far been of short 
duration [7,48]. Usually, the B cell depletion in SLE is pro- 
found, as in patients with NHL, but shorter lasting. Therefore, 
it is very likely that cyclical therapy will be needed to provide 
long-term benefit for patients with SLE. While the immuno- 
genicity of rituximab has not been clinically important (HACA 
< 1%) for the management of patients with NHL, approxi- 
mately 4% of patients with rheumatoid arthritis developed 
HACA and 8% to 1 0% with SLE did so also, in spite of being 
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Table 7 



Post-treatment changes of lymphocytes and immunoglobulins 



Baseline values and post-treatment percent change from baseline (mean ± SD) 
Baseline 6 weeks 1 0 weeks 1 8 weeks 32 weeks 



Lymphocytes 


A/=14 


A/ = 6 


N = B 


A/ = 9 


A/= 11 


B cells 


1 23 ± 1 60 cellsAil 


-35% ± 23% 


-41% ±41% 


-34% ± 23% 


-44% ± 21% 


T cells 


744 ± 554 celle/ul 


+ 16% ±80% 


+28% ± 78% 


+47% ± 1 09% 


+1 7% ± 69% 


Immunoglobulins 




/V= 12 


A/= 14 


/V=10 


N= 11 


IgG 


1,252 ±355 mg/dl 


+3% ± 8% 


+5% ±13% 


+5% ± 9% 


1%±13% 


IgA 


226 ± 94 mg/dl 


+3%± 11% 


+8± 13% 


+5% ± 1 2% 


+10% ±20% 


IgM 


117 ±73 mg/dl 


-120/0 ± 18% 


-1%±23% 


-6%± 19% 


-9% ± 9% 



SD, standard deviation. 

treated with various doses of steroids and/or cytotoxic agents 
in combination with rituximab. Thus, a less immunogenic anti- 
body (for example, a human or humanized form) is likely 
needed in the management of patients with autoimmune dis- 
eases, since it is expected that repeated dosing will be 
required in patients with such chronic diseases. 

This initial study demonstrated that 360 mg/m 2 epratuzumab, 
a humanized CD22-specific monoclonal antibody, adminis- 
tered every other week for a total of 4 doses was safe and well- 
tolerated in SLE patients, with few significant adverse events, 
alterations of standard safety laboratory tests, and no evidence 
of immunogenicity. In addition to the minimal infusion reac- 
tions, the ability to complete an infusion within approximately 
0.5 to 1 hour and the lack of immunogenicity are also likely to 
be more important treatment considerations in autoimmune 
diseases, as mentioned previously. 

With this dosing schedule, virtually every patient with moder- 
ate disease activity (total BILAG score of 6 to 1 2) demon- 
strated symptomatic improvement using BILAG total scores. 
The BILAG total score results indicate that 77% of the 
patients achieved a > 50% decrease in their overall disease 
activity at 6 weeks follow up. Furthermore, most patients 
(92%) continued to show reduced disease activity for at least 
1 8 weeks, and even 38% showed a sustained response with 
BILAG reductions of 50% or more compared to study entry. 
Since this first study considered moderately active lupus 
patients with BILAG total scores of 6 to 1 2, the resulting het- 
erogeneity precludes the identification of any preferential 
effect on one or the other BILAG domains as shown from dif- 
ferent perspectives of efficacy analysis. 

In addition to treating mild BILAG C-level symptoms, epratuzu- 
mab immunotherapy reduced all BILAG B-level activity in the 
majority of patients presenting with more serious disease, 
including patients with B-level activity in several body systems. 
The current data limit the conclusions that can be drawn 



regarding therapeutic effects for some systems, such as B- 
level disease in the neurological and renal systems, and only 
one case of lymphopenia in the hematological system showed 
improvement. In spite of small numbers, CD22-immunp- 
therapy with epratuzumab appeared to be effective for treating 
disease in many of the other body/organ systems. 

Although the biweekly dosing schedule used in this study 
demonstrated apparent activity, the serum levels of antibody 
measured here appear to be less than those in studies of NHL, 
where a weekly schedule of dose administrations has shown 
antitumor activity [42-44]. Hence, other dosing schedules in 
future clinical trials are warranted to assess the effects of 
increasing the serum levels of epratuzumab. 

Compared to the complete depletion of B cells observed with 
rituximab, a long-lasting (at least 6 months, the last observation 
time) decrease of about 35% to 40% occurred with epratuzu- 
mab, with no apparent changes in T cells or immunoglobulin 
levels. As discussed earlier, the attractiveness of CD22 as a 
molecular target for therapy in SLE extends beyond the capa- 
bility of epratuzumab to modestly decrease peripheral blood 
levels of B cells. CD22 is a cell surface receptor that is a mem- 
ber of the sialioadhesion family and an inhibitory co-receptor of 
BCR [34]. In vitro studies demonstrated that epratuzumab 
binding can induce CD22 phosphorylation [49] , and the cur- 
rent data from this study suggest that epratuzumab could 
potentially mediate direct pharmacological effects by nega- 
tively regulating certain hyperactive B cells. This hypothesis 
now needs to be tested. Interestingly, over the period of this 
study, patients clinically improved without clear evidence of 
reduction in ANA or anti-dsDNA titers. Similar observations 
have been reported with rituximab [1 9] , further supporting the 
hypothesis that targeted therapy impacting the hyperactive B 
cell compartment may be successful without needing to com- 
pletely deplete the broader B cell population. 



Page 9 of 1 1 

(page number not for citation purposes) 



Arthritis Research & Therapy Vol 8 No 3 Dorner et a/. 



Conclusion 

This initial experience in lupus patients with mild to moderate 
symptoms demonstrated that 4 doses of 360 mg/m 2 epratuzu- 
mab immunotherapy are safe and well tolerated when infused 
within one hour, with consistent improvement observed in all 
patients for at least 12 weeks in the presence of modestly 
decreased {about 35%) peripheral B cell levels, and with no 
evidence of HAHA. Although this was an open-label study, 
consistent improvement was observed in all patients for at 
least 1 2 weeks, and there was reduction or elimination of dis- 
ease activity across most body systems, regardless of the 
extent or the severity of the presenting disease activity. The 
duration of response was very heterogeneous for different 
BILAG domains, precluding firm conclusions at this time. As 
such, these results support conducting longer-term multi- 
center randomized controlled studies, which are now under- 
way to examine the effects of epratuzumab in broader patient 
populations with autoimmune disease. 
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Press et al. "Treatment of refractory non-hodgkin 's lymphoma with radiolabeled mb- 1 
(anti-cd37) antibody, " J Clin Oncol, 1989 Aug ;7(8): 1027-38. 

The biodistribution, toxicity, and therapeutic potential of anti-cd37 monoclonal antibody 
(moab) mb-1 labeled with iodine 1 31 (1 31 i) was evaluated in ten patients with advanced-, low- or 
intermediate-grade non-hodgkin's lymphomas who failed conventional treatment. Sequential 
dosimetric studies were performed with escalating amounts of antibody mb-1 (0.5, 2.5, 1 0 mg/kg) 
trace-labeled with 5 to 10 mci 131i. Serial tumor biopsies and gamma camera imaging showed that 
the 10 mg/kg moab dose yielded the best moab biodistribution in the ten patients studied. 
Biodistribution studies in the five patients with splenomegaly and tumor burdens greater than 1 kg 
indicated that not all tumor sites would receive more radiation than normal organs, and these 
patients were therefore not treated with high-dose radioimmunotherapy. The other five patients did 
not have splenomegaly and had tumor burdens less than 0.5 kg; all five patients in this group 
showed preferential localization and retention of moab at tumor sites. Four of these patients have 
been treated with 1 31 i (232 to 608 mci) conjugated to anti-cd37 moab mb-1 , delivering 850 to 4,260 
gy to tumor sites. Each of these four patients attained a complete tumor remission (lasting 4,6,11 +, 
and 8+ months). A fifth patient, whose tumor did not express the cd37 antigen, was treated with 
131 i-labeled anti-cd20 moab 1 f5 and achieved a partial response. Myelosuppression occurred 3 to 
5 weeks after treatment in all cases, but there were no other significant acute toxicities. Normal b 
cells were transiently depleted from the bloodstream, but immunoglobulin (ig) levels were not 
affected, and no serious infections occurred. Two patients required reinfusion of previously stored 
autologous, purged bone marrow. Two patients developed asymptomatic hypothyroidism 1 year 
after therapy. The tolerable toxicity and encouraging efficacy warrant further dose escalation in this 
phase i trial. 

PMID: 2666588 [pubmed - indexed for medline] 
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Nadler et al, "Anti-B 1 monoclonal antibody and complement treatment in autologous 
bone-marrow transplantation for relapsed B-cell non-Hodgkin's lymphoma, " Lancet, 1984 
Aug 25;2(8400):427-31. 

Eight patients with relapsed B-cell non-Hodgkin's lymphoma were treated with intensive 
chemoradiotherapy and reconstituted with autologous bone marrow rendered free of tumour cells 
by the B-cell-specific monoclonal antibody anti-B1 and complement. Before the autologous marrow 
transplantation patients were induced with chemotherapy, radiotherapy, or both, into a minimum 
disease state with less than 5% bone-marrow involvement with tumour. All patients treated 
achieved a complete clinical response and had stable haematological engraftment by 8 weeks. No 
significant acute or chronic toxic effects have occurred. B cells could be detected by 2 months after 
transplantation and normal immunoglobulin levels were achieved by 6 months. Six of eight patients 
are disease free in unmaintained remission more than 20, 19, 10, 8, 5, and 3 months after 
transplantation. 

PMID: 6147502 [PubMed - indexed for MEDLINE] 
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Monoclonal Antibody 1 F5 ( Anti-CD20) Serotherapy of Human B Cell Ly mphomas 

By Oliver W\ Press, Frederick Appelbaum, Jeffrey A, Ledbetter, Paul J. Martin, Joyce Zarling, 

Pamela Kidd, and E. Donnall Thomas 



Four patients with refractory malignant B call lymphomas 
were treated with continuous intravenous (IV) infusions of 
murine monoclonal antibody (MoAb) 1F5 tanti-CD20> over 
five to ten days. Dose-dependant levels of free serum 1F5 
were detected in aH patients. Two patients had circulating 
tumor cells and in both cases 90% of malignant ceils ware 
eliminated from the blood stream within four hours of 
initiation of serotherapy. Antigenic modulation did not 
occur, and sustained reduction of circulating tumor cells 
was observed throughout the duration of the infusions. 
Serial bone marrow aspirations and lymph node biopsies 
were examined by immunoperoxidase and immunofluores- 
cence techniques to ascertain Mo Ab penetration into 
extravascular sites. High doses (100 to 800 mg/m 2 /d and 
high serum 1F5 levels (13 to 190/ig/ml) ware required to 

MONOCLONAL ANTIBODY (MoAb) serotherapy 
of malignancy represents a theoretically attractive, 
potentially nontoxic approach for the treatment of neoplastic 
disease. 1 " 3 Preliminary animal experimentation has demon- 
strated both the effectiveness and limitations of IVIoAbs that 
recogn izc t u mor-associa ted ant igens i n prevent ing growt h of 
murine hematologic malignancies. 4 5 Early human trials have 
shown that infusion of antibodies recognizing lymphoid cell 
differentiation antigens is a well-tolerated therapy capable of 
coating tumor cells and causing tumor regression in some 
patients^ 8 However, the antitumor effectiveness of MoAbs 
has been limited by the presence of circulating free antigen, 
antigenic modulation, development of human anli mouse 
antibodies (HAM A), emergence of antigen-negative tumor 
cell variants, and the inadequacy of host effector cell mecha- 
nisms. 5 ' 8 11 

Here we present findings in four patients with B cell 
lymphomas treated with a murine IgG2a MoAb (1F5) 
chosen to avoid many of the previously encountered obsta- 
cles. MoAb I F5 recognizes a 35,000 dalton antigen (Bp35, 
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coat tumor cells in these compartments in contrast to the 
low doses that were adequate for depletion of circulating 
cells. Clinical response appeared to correlate with dose of 
MoAb administered with progressive disease (52 mgj, 
stable disease (104 mg), minor response (1,032 mgh and 
partial response {2,380 mg) observed in consecutive 
patients. The patient treated with the highest 1 F5 dose 
achieved a 00% reduction in evaluable lymph node disease, 
but the duration of this remission was brief (six weeks). 
This study demonstrates that high doses of 1 F5 can be 
administered to patients with negligible toxicity by contin- 
uous infusion and that clinical responses can be obtained in 
patients given > 1 g of unmodified antibody over a ten-day 
period. 

© t387 by Grune & Strstton, inc 

CP20) present on the surface of normal and malignant B 
cells' 2 that is not shed from the cell surface {unpublished 
observations), does not modulate in response to MoAb 
binding* and does not bind to any other normal tissues. 
Consequently, prolonged continuous MoAb I F5 therapy can 
be administered without inducing the unresponsiveness to 
therapy that has necessitated intermittent bolus therapy in 
previous trials. 8 " 11 We have administered 1F5 by continuous 
intravenous (IV) infusion (52 to 230 mg over five to ten 
days) to determine toxicity, kinetics, penetration to extravas- 
cular tissues, and efficacy. Our studies have shown I F5 to be 
a minimally toxic therapy capable of depleting circulating 
tumor cells at low doses and lymph node tumor cells at high 
doses. However, responses were transient, suggesting that 
antibodies conjugated to toxins or radioisotopes might afford 
more lasting clinical benefit than unmodified antibody. 

MATERIALS AND METHODS 

Antibody preparation. Murine MoAb IF5 (lgG2a) was pro- 
duced in BALB/e mice and purified as previously described. 13 
Antibody I F5, along with the Bl antibody, 13 has been assigned to the 
CD20 (anti-Bp35) cluster group by the Second Internationa 1 Work- 
shop on Human Leukocyte Differentiation Antigens. 1 * The reactiv- 
ity of antibody 1 F5 with normal and malignant B cells has previously 
been reported. ihl<fA 7 MoAb 1 F5 was purified from ascites by satu- 
rated ammonium sulfate precipitation followed by diethyl amino 
ethyl (DHAE)-Sephacyl (Pharmacia, Piscataway, N J) column chro- 
matography '* Testing of the purified antibody by Microbiological 
Associates (Bet hesda, MD) has shown it to be free of bacteria 1, viral, 
or endotoxin contamination. Preclinical testing in two macaques {M. 
faseicuiaris) injected with 1F5 IV showed that this antibody was 
capable of eliminating circulating B cells and penetrating lymph 
nodes without causing any acute toxicity (J. Ledbetter, unpublished 
observations, 1983). A battery of normal human autopsy tissues was 
screened for reactivity with antibody I F5 by an indirect immuno- 
peroxidase method. No reactivity was seen with any tissue except 
those known to be rich in B lymphocytes (tonsils, lymph nodes, 
spleen). Tissues failing to bind I F5 included heart, thyroid, adrenal, 
lung, muscle, kidney, testis, skin, colon, breast, and brain. 

Patient selection. Adult patients with histologically confirmed 
B cell lymphomas shown by immunoperoxidase or immunofluores- 
cence techniques to be reactive with the I F5 antibody were eligible 
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for this study if they had failed previous conventional therapy 
(chemotherapy and/or radiotherapy), if they had normal renal and 
hepatic function (creatinine <2.0 mg/dL, bilirubin < \ 5 mg/dL), 
had evaluable disease, had not received any other treatment for 
>four weeks, had no other active medical problems, and signed an 
informed consent approved by the Institutional Review Board of the 
Fred Hutchinson Cancer Research Center. 

Study design. Prestudy blood, marrow, and lymph node speci- 
mens were obtained and analyzed by conventional histopathology 
and by an indirect immunoperoxidase method (Vectastain, Vector 
Laboratories, Raritan* NJ) for evidence of tissue involvement with 
tumor cells capable of binding 1F5. Cell suspensions of these tissues 
were analyzed by two-color flow cytometry using a panel of fluores- 
cein and phycoerythrin antibody conjugates 13 to determine the 
baseline immunologic phenotypes of the resident cell populations 
(see below). Intradermal skin testing with 10 &g of antibody |F5 in 
0.1 m.L of normal saline was performed, and no hypersensitivity 
responses were observed. Allopurinol (300 mg/d) was given 
throughout antibody administration. A bolus loading dose was given 
over one to two hours IV to rapidly achieve steady state serum 
antibody levels. The loading dose was calculated from the following 
equation: Loading dose - 1.4 x elimination half-time (in days) x 
daily maintenance dose. 5 g Preclinical studies of murine anti-CD20 
antibody infusions in nonhuman primates (Ledbetter, unpublished 
data) and clinical trials of murine MoAbs administered to patients 
with gra ft- v-host disease (G VH D) 1 * suggested an elimination half- 
time of 1.2 days, and this figure was used in calculating the loading 
doses. Patients were assigned a predetermined maintenance anti- 
body dose that was diluted in 500 mL normal saline ^nd adminis- 
tered by continuous IV infusion for five to ten days, (Patient 1 had 
premature discontinuation of His infusion after five days due to 
rapidly progressive lymphoma.) The maintenance antibody doses 
administered to the patients are summarized in Table L The dose 
escalation range was chosen to progress from safe low doses (5 
mg/m 2 /d) known to be well tolerated for other MoAbs 6 -'- 9 - m * to 
high doses (400 to 800 mg/m 3 /d), which we felt were more likely to 
result in good tissue penetration. We initially planned to escalate 
doses between patients. However, because of the absence of toxicity, 
poor penetration of low doses of antibody into patients I and 2, and 
slow patient accrual, doses were escalated progressively in patients 3 
and 4 (from 10 mg/W/d to 8Q0 mg/mVd) to achieve high circulat- 
ing antibody levels that we felt would be more likely to achieve 
extra vascular tissue penetration. 



Tabid 1 . Summary of Patient Char act eristics 



Patient 


1 


2 


3 


4 


Age/Sex 


42/M 


64/M 


63/M 


45/M 


Type of 










Lymphoma 


DML 


WOLL 


DPDL 


DHL 


Stage 


IVB 


IVA 


IVA 


IV6 


Total Dose 










of IF5 


52,4 mg 


104. 8 mg 


1,032 mg 


2,380 mg 


Duration of 










Therapy 


4.5 days 


10 days 


10 days 


7 days 


Response 


Progression 


Stable 


Minor 


Partial 






Disease 


Response 


Response 



Abbreviations: DML, diffuse mixed small and large cell lymphoma ■ 
WDLL, diffuse well-differentiated lymphocytic lymphoma {small lympho- 
cytic, working formulation); DPDL, diffuse, poorly differentiated lympho- 
cytic lymphoma {diffuse small cleaved cell, working formulation); DHL, 
diffuse "histiocytic" lymphoma (diffuse large cell lymphoma, working 
formulation). 



Patient monitoring. Pretreatment tests included a history and 
physical examination, relevant radiographic studies and computed 
tomographic scans, chemistry batteries, uric acid levels, complete 
blood cell counts (CBCs) and difFerentials, prothrombin time, 
partial thromboplastin time, serum complement levels (CH50, G4, 
C3), immune complex levels (C1Q binding assay), urinalysis, ECG, 
and cell surface marker analysis. Patients were examined twice daily 
during antibody infusion. Serial scrum specimens for 1 F5 levels and 
antimouse antibody levels, blood counts, chemistries, and blood 
specimens for surface marker studies were obtained four hours after 
initiation of 1F5 therapy and daily thereafter. Patients were 
discharged at the termination of antibody infusions. Blood samples 
were obtained on an outpatient basis for the above tests on days I, 2, 
7, and 2! after cessation of therapy and monthly thereafter. Scrum 
complement and immunoglobulin levels were tested pretreatment 
and on days 1, 5, and 10 and then at roughly monthly intervals for six 
months. 

Response criteria. Standard response criteria were employed as 
follows: Complete response-disappearance of all measurable and 
evaluable disease; Partial response; reduction by 2^50% of leukemic 
cell counts and >50% reduction in the size of a measurable lesion, 
and no increase i n the size of any measurable or evaluable lesions or 
appearance of new lesions; Stable disease: Less than a partial 
response without an increase of >25% in leukemic cell count and 
<25% increase in any measurable lesion. Progression: Increase in 
leukemic cell count (>25%), appearance of new lesions, or an 
increase of 25% or greater in any measurable lesion. 

Measurement of free / F5 and h uman antimouse antibody. Se^ 
rum 1F5 levels and human antimouse antibody levels (H AMA) were 
measured by solid phase competitive inhibition radioimmunoassay 
(Rl A) as previously described. 19 

Detection of cell-bound IF5. Assessment of tumor cell coating 
by infused antibody i F5 was accomplished on serial specimens of 
peripheral blood, bone marrow, and lymph nodes by indirect immu- 
noperoxidase and immunofluorescence techniques. Peripheral blood 
and bone marrow mononuclear cells were obtained by Ficoll- 
Hypaque (LSM, Litton Bioiietics, Kensington, Mb) density gra- 
dient cenlrifugatton- Lymph node biopsies were divided in thirds: 
one portion was minced into a single cell suspension, another part 
was fixed in formalin for routine histologic staining, and another 
portion was frozen in liquid nitrogen for immunohistologic staining. 
Lymph node frozen sections were fixed to gelatin-coated glass slides 
and stained with rabbit antimouse immunoglobulin (Vectastain, 
Vector Laboratories, Raritan, NJ) using an indirect avidin-biotin 
technique. Pretreatment biopsies served as controls. 

Cell suspensions of blood, bone marrow, and lymph nodes from 
antibody-treated patients were examined by How cytometry (FACS 
IV, Becton Dickinson, Sunnyvale, CA) for the presence of surface 
1F5 by using fiuorescein-conjugated goat antimouse immunoglobu- 
lin (FITC-GAMlg; TAGO, Burlingame, CA). The mean fluores- 
cence i ntensity of cells sta i ned with FITC-G AMlg was compared to 
the intensity of cells incubated with excess I F5 in vitro before 
staining to assess the saturation of binding sites in vivo. Relative 
CD20 surface antigen density was estimated for normal and malig- 
nant B cells by measuring the mean fluorescence intensity of cells 
stained in vitro with saturating quantities of fiuorescein-conjugated 
anti-CD20 antibody after correcting for nonspecific fluorescence 
with a control reagent. 1317 

Tumor eel! surface antigen phenotypes were determined by both 
immunofluorescence and immunoperoxidase methods using peroxi- 
dase, fluorescein, or phycoerythrin conjugates of MoAbs 10.2 (anti- 
CD5), HBlOa (anti-DR), GI-4 or 3E10 (antikappa), and 2C3 
(anti-M) as previously described. mj Serial monitoring of these tumor 
cell markers demonstrated that CD20-negative tumor cells were not 



586 



PRESS ET AL 



generated during t F5 therapy by antigenic modulation (data not 
shown). 

CASE HISTORIES 

Patient 1 was a 42-year-old man with stage I.VB diffuse, mixed, 
smalt and large cell lymphoma who presented in 1982 with fever, 
diffuse lymphadenopathy, and hepatosplenomegaiy. Previous ther- 
apy included CHOP (cyclophosphamide, adriamycin, vincristine, 
and prednisone) chemotherapy, intrathecal methotrexate, whole 
brain irradiation, splenectomy, sequential upper and lower hemi- 
body irradiation, and four cycles of bleomycin, cytosine arabinoside, 
vincristine, procarbazine, and prednisone. He was referred for IF5 
therapy in July, 1984 because of refractory disease. He did not 
respond to low -dose IF5 and was taken off study after five days of 
infusion because of progressive bone marrow (BM) and liver 
replacement with tumor. Salvage CHOP chemotherapy was given, 
but the patient died of progressive lymphoma on March 16, 1985. 

Patient 2 is a 64-year-old man with stage 1VA diffuse, small 
lymphocytic lymphoma diagnosed by lymph node (I.N) and BM 
biopsy in 1976. He received multiple chemotherapeutic regimens 
(CVP, CHOP, chlorambucil, and CCNU, etoposide, and methotrex- 
ate) with partial responses. He was referred for 1 F5 serotherapy in 
December 1984, J 1 months after his last course of chemotherapy. 
He did not respond to low dose I F5 but had stable disease that did 
not require therapy until the summer of 1985 when he was begun on 
bleomycin, etoposide, BCNU, and Decadron, to which he remains 
partially responsive. 

Patient 3 was a 63-year-old man with stage I V'A diffuse, small, 
clcaved-cell lymphoma involving lymph nodes, marrow, and spleen. 
Previous therapy included splenectomy, chlorambucil, and C VP. He 
was referred for 1 F5 therapy in December 1984, one month after his 
last cycle of CVP because of the development of refractory disease 
with rapidly progressive adenopathy and lymphocytosis (>30»00O 
cells/ #*L). He showed a minor response to intermediate dose SF5 
therapy. ProMACE/MOPP chemotherapy was given in January 
and February 1985 without response. A partial response occurred 
after therapy with high-dose cytosine arabino&ide v but the patient 
died with marrow aplasia in July 1985, 

Patient 4 was a 45-year-old man with sclerosing, diffuse large-cell 
lymphoma presenting in January 1983 with bowel and lymph node 
involvement, Therapy included eight cycles of CHOP, intrathecal 
methotrexate* involved field abdominal radiation, prophylactic cra- 
nial irradiation, and allogeneic marrow transplantation (in March 
1984). He was referred for 1F5 therapy because of refractory 
lymphoma in late October 1985. He had been on dexamethasone (4 
mg/d) for many months as symptomatic therapy for myalgias, and 
this was continued during serotherapy. After treatment with 1F5 
there was a partial response that lasted six weeks. He then 
redeveloped progressive lymphoma and refused further treatment. 
He expired on December 21 , 1 985, 

RESULTS 

Serum IF5 levels. Circulating free antibody levels were 
detectable by R1A in all patients throughout the period of 
infusion (Fig I ). Patients 1 and 2 received MoAb doses of 5 
mg/m*/d and consistently had 1F5 serum concentrations of 
0,3 to hO *xg/mL. Patients 3 and 4 received escalating 
antibody doses and had corresponding increases in 1F5 
levels. For comparable antibody doses the patients with 
circulating antigen- positive tumor cells ( I and 3) had lower 
serum levels of 1F5 than the patients who did not have 
-significant numbers of circulating malignant lymphocytes (2 
and 4, see Fig 1), probably reflecting the effect of antibody 




Fig 1 . Serum 1F5 concentrations in patients receiving contin- 
uous infusions of antibody. MoAb IF 5 concentrations were deter- 
mined by solid phase radioimmunoassay. The doses of 1 F5 infused 
in each patient are Indicated by the superimposed stippled bars, 
{Ah patient 1 ; (B), patient 2; iCh patient 3; {01 patient 4. 

binding to tumor cells, Antibody remained detectable in the 
serum for as long as three weeks after termination of infusion 
in patient 4 {peak concentration l 90^g/mL). However, I F5 
levels fell into the undetectable range within three days of 
termination of infusion in patients 1 and 2 (peak levels 1 
jig/mL) and within two weeks in patient 3 (peak level 1 3,4 
ug/mL). Rough estimates of the serum elimination half- 
times were calculated to be 24 hours for patient 1 (from 0.93 
jtg/mL to ,22 Mg/mL in the 48 hours after termination of 
infusion), 42 hours for patient 3 (from 13.4 pg/mL to 9,0 
Mg/mL in 24 hours), and 52 hours in patient 4 (from 179 to 
35,6 ug/mL over five days). Data for patient 2 were insuffi- 
cient for estimation of a serum half-life. These elimination 
half-times are in good agreement with previous studies of 
murine anti-CD20 antibodies in nonhuman primates (J, 
Ledbetter, unpublished results) and studies of murine anti-T 
cell antibodies in patients with GVHD. ■* 

CD2Q antigen density on tumor cells. Table 2 summa- 
rizes the relative Bp35 surface antigen densities on patient 
lymphoid cells from blood, bone marrow, and lymph nodes as 
determined by direct immunofluorescent analysis. 13 17 The 
density of this antigen on normal B lymphocyte populations 
is also listed for comparison. Patients 1 and 4 had CD20 
densities on their malignant cells comparable to those seen on 
normal, resting B lymphocytes (eg, peripheral blood B cells 
and tonsil mantle zone B cells 13 ). Patient 3 had a much 
higher surface antigen density on his lymphoma cells v com- 
parable to that observed on normal, activated B cells (tonsil 
germinal center cells 13 ). Patient 2 had a very low Bp35 
antigen density on his lymph node and bone marrow tumor 
cells with a mean fluorescence intensity only 3.5 times higher 
than control cell populations lacking the antigen; (This 
degree of staining was unequivocally greater than control, 
however.) Patients 2 and 4 had negligible numbers of circu- 
lating tumor cells morphologically, confirming the negligible 
staining with FITC-1 F5 seen by immunofluorescence 
(nearly all circulating lymphocytes were T cells In these 
patients). Of interest, the bone marrow of patient 4 was 
grossly involved with tumor but failed to bind FITC-TF5, 
suggesting that an antigen-negative tumor cell variant was 
responsible for infiltration of this tissue. With this single 
exception, the different sites of lymphomatous involvement 
within a given patient showed similar CD20 antigen densi- 
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Table 2. Relative CD20 Antigen Densities on Normal and 
Malignant Lymphoid Cells 



C^l Type 



Relative 
Antigen Density* 



Normal Tissues 

1 , Peripheral Stood T celte 

2. Peripheral Blood B cells 

3. Tonsil Mantle Zone B cells 

4, Tonsil Germinal Center 8 cells 
Lymphoma Patients 

1. Patient 1J 

a. Blood lymphocytes 

2. Patient 2 

a. Bone marrow 

b. Lymph node cells 

3. Patient 3 

a. Blood lymphocytes 

b . B one marrow cells 

c. Lymph node cells 

4. Patient 4 

a. Blood lymphocytes {uninvolved) 
q. Bone marrow cells 
c. Lymph node ceils 



2t 

82 
70 
256 



96 

7 
7 

301 
301 
235 

2 
2 
84 



'Expressed as the linear channel number of the mean f loorescence 
intensity measured on a FACS IV cell sorter for cells stained with 
saturating concentrations of f luorescein-conjugated anti-CD20 antibody 
by the method of Ledbetter and Clark 1 * 

f Negative control {unstained} cells also showed a mean fluorescence 
intensity of 2. 

$ Patient 1 had an unaspir able marrow and no accessible adenopathy, 
so immunofluorescent studies were done solely on circulating malignant 
cells. 

ties. No definitive conclusion regarding the clinical respon- 
siveness of tumors bearing different surface CD20 densities 
is possible because of the small number of patients treated 
and variable antibody doses administered. 

Effects of JF5 on peripheral blood lymphocytes. Two 
patients (I and 3) had appreciable numbers of circulating 
malignant cells. In both patients antibody administration 
resulted in an immediate decrease in the number of circulat- 
ing tumor cells (assessed by morphological criteria and by 
surface immunologic phenotypes). Patient 1 had an 86% 
decline in the number of blood lymphoma cells {from 1 .27 x 
10 3 /jiL to 0.18 x I0 3 /mL) within four hours of institution of 
VF5 therapy. Patient 3 had a 91% decrement in circulating 
tumor cells {from 1 8.21 x I0 3 /mL to 1.61 x Ip 3 /^L) in the 
same brief time interval (Fig 2). These effects were obtained 
with low doses of antibody in both patients (5 mg/m 2 and 10 
mg/m 2 , respectively) and were sustained throughout the 
entire period of infusion (five and ten days). Flow cytometry 
of circulating PBL stained with FJTC-GAMIg demon- 
strated saturation of 1 F5 antibody binding sites on tumor 
cells in both patients (although complete saturation in 
patient 3 was only achieved at the higher dose of 100 
mg/m 2 /d t Fig 3). Serial tumor cell surface-antigen pheno- 
typing (using two-color immunofluorescence with reagents 
recognizing other tumor-associated antigens [see Materials 
and Methods] ) demonstrated that antigenic modulation did 
not occur (data not shown). In both patients termination of 
! F5 therapy was accompanied by a rapid reappearance of 
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Fig 2, Depletion of circulating lymphoma cells in patient 3 
during infusion of MoAfr 1 PS. 



circulating tumor cells that reached pretreatment levels 
within two to three days (Fig 2). 

Effects of 1F5 on bone marrow tumor cells, Patients I , 
2, and 3 had evaluable marrow involvement with lymphoma. 
In patients I and 2, antibody doses of 5 mg/m ? /d were not 
sufficient for saturation of I F5 antibody binding sites on 
tumor cells in the marrow. Patient 3 received escalating 
doses of I F5 in conjunction with serial marrow aspirations to 
estimate the amount of antibody required for coating of 
tumor cells in the marrow. Serial fluorescence histograms 
( Fig 4) clearly showed that an antibody dose of 10 mg/m*/d 
was insufficient (4% saturation of Bp3S binding sites) but 
that 100 mg/m 2 /d could produce significant coating (61% 
saturation of Bp35 binding sites) of marrow tumor cells. 



FUC-IF5 



FITC-GAMIq 



DoyO 

i prelreqtmen? } 



Day 2 
JI0mg/m?/d) 



A _ 



Day 5 

(25mg/rr 2 /d> 



0oy 10 



2 Weeks 
Post TreotmenJ 



Fluorescence Intensity ( Log/p)- 



Fig 3. In vivo labeling of circulating tumor cells with 1F5 
antibody in patient 3 as assessed by serial flow cytometry of 
peripheral blood lymphocytes with FITC-G AWIIg (to detect mouse 
antibody 1 F 5 bound to tumor cells in vivo) and F1TC-1F6 (to detect 
unoccupied Bp35 [CD20] binding sites}. Pretreatment PBL stained 
brightly with FITC-1F5 because of abundant free CD20 sites on 
circulating lymphoma ceHa, Serial histograms on days 2. 5, and 10 
revealed coating of PBL with 1F5 (detected with FlTC-GAMJgK 
Saturation of binding sites is shown on day 10 by absence of 
unoccupied Bp35 receptors capable of binding FITC-1F5. By two 
weeks posttreatment, bound murine MoAb was no longer detect- 
able on PBL. 
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Day 9 
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Fig 4. Penetration of MoAb 1FS into bone marrow of patient 3 
during serotherapy as assessed by flow cytometry of mononuclear 
cells from BM aspirates using FiTC-GAMIg {to detect cell-bound 
1FSJ and f ITC-1F5 (to detect unbound Bp35 sites). 



Regression of marrow lymphoma was not seen in any of these 
three patients. 

The marrow of patient 4 was unusual in that it appeared to 
contain tumor cells that did not express the Bp 35 antigen. 
Although marrow aspirates and biopsies contained unequivo- 
cal large cell lymphoma, no tumor cells reactive with FITC- 
I F5 were detected by Mow cytometry. In. contrast, tumor 
cells in cervical and inguinal lymph nodes had the same 
morphology as the cells in the marrow but reacted strongly 
with antibody LF5 as assessed by both immunoperoxidase 
and immunofluorescence techniques (see Table 2). As would 
be anticipated, infusion of antibody 1 F5 had no effect on the 
antigen-negative tumor cells in the marrow of this patient. 



Effects of IF5 on lymph nodes. Patients 2, 3, and 4 had 
evaluable adenopathy that was biopsied before treatment 
and on the last day of antibody infusion. Immunoperoxidase 
and immunofiuorescent analyses showed no penetration of 
antibody VF5 into the nodes of patient 2 (who received 105 
mg over ten days). There was minor perivascular penetration 
detectable only by immunoperoxidase methods in patient 3 
(1,032 nvg over ten days). In contrast, significant coating of 
tumor cells detectable by both immunoperoxidase and 
immunofluorescence (Figs 5 and 6) was present in patient 4 
(2,380 mg over seven days) with 69% saturation of available 
binding sites. In vitro studies showed that an ambient 1 F5 
antibody concentration of 24 pg/mL was necessary to 
achieve 69% saturation of cell-surface binding sites. Since 
the serum 1 F5 concentration in patient 4 at the time of his 
lymph node biopsy was approximately 190 jig/mL, we 
estimate that a I F5 antibody gradient of 8:1 existed between 
serum and lymph node interstitial fluid. 

No clinical response was observed in the nodes of patient 2. 
Some inguinal nodes regressed by 25% in patient 3, but most 
lymph nodes were unaffected. There was marked regression 
of all nodes in patient 4 with a calculated >90% reduction in 
tumor burden (Fig 7). Of note, the diminution of LN size did 
not begin until day 5 of antibody infusion, and progressive 
node shrinkage continued for three weeks after cessation of 
1F5 infusion. The response duration was briefs however, with 
regrowth of LN occurring six weeks after therapy. 

Overall clinical response. Patient I had diminution of 





Fig 6, Indireot immunoperoxidase staining of lymph node frozen sections wfth GAMig to detect in vivo labeling of tumor cells during 
murine MoAb 1F5 serotherapy (original magnification x 260). (A) Patient 2: LN biopsy performed on day 10 of therapy while receiving 5 
mg/mVd of antibody 1F5. Negligible staining indicates absence of penetration of LN by antibody at this dose. (B) Patient 3: LN biopsy 
performed on day 9 of therapy while receiving TOO mg/ m 3 1 d of 1 F5. Staining of tumor cells in perivascular locations is present . (CJ Patient 
4: Lhi biopsy performed on day 10 of therapy while receiving BOO mg/m J /d of 1FS. Peroxidase staining is appreciable at this dose, although 
the distribution remains heterogeneous, (D) Saturation of 1F5 binding sites in patient 3 by in vitro incubation of an LN section with excess 
1F5 antibody. The section shown in this figure was from the same LN biopsy depicted in Pig 48. 
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Fig 6, Analyst of 1 F5 penetration into LN during serotherapy 
assessed by flow cytometry off LN suspensions, FITC-GAMig was 
used to detect in vivo costing of tumor cells with antibody 1F5. 
Patient 2 had only a small sub population of LN cells possessing the 
Bp35 antigen (shown with FJTC-1F&). No penetration of 1FS into 
LN could be shown with FITC-GAMIg. Virtually all LN cells in 
patient 3 possessed the Bp3S antigen and stained intensely with 
FITC-lf 5, but poor in vivo penetration of 1F5 had occurred as 
shown by absence of FITC-GAMIg staining, {Immunoper oxidase 
staining of LN sections was capable of demonstrating some 
penetration of 1F5 into this LN. however (see Fig 5B]K Patient 4 
had significant penetration of 1F5 into LN as shown by staining 
with FITC-GAMIg. 

circulating tumor cells, but progressive liver and marrow 
lymphoma required premature termination of I F5 therapy 
and institution of salvage chemotherapy. Patient 2 had no 
response of his evalUa We marrow or LN disease. Patient 3 
had a minor response consisting of transient 90% reduction of 
circulating tumor cells and 25% shrinkage of some but not all 
LN but no response in the marrow. Patient 4 had a partial 
response consisting of 90% reduction of ail evaiuable LN. 

Toxicity. No clinically significant toxicity was observed 
in any of our patients. Patients l and 4 had asymptomatic, 
intermitlenu low-grade fever (38 to 39 °C) lasting six days 
and two hours, respectively. Transient decrements of platelet 
and neutrophil counts to 50% to 75% of baseline levels were 
observed in all four patients. These changes were rapidly 
reversible in all cases except patient U where progressive 
cytopenias were clearly due to marrow replacement with 
tumor. In the other three instances, the blood counts stabi- 
lized after one to two days and often demonstrated some 
recovery, even before discontinuation of antibody infusion. 
No bleeding or infectious episodes occurred during antibody 
treatment. No allergic, pulmonary, renal, hepatic, or cuta- 
neous sequelae occurred. Renal function as measured by 
24-hour creatinine clearance was unchanged after comple- 
tion of antibody therapy, Complement consumption was 
observed in patients l (40% reduction of CH 50 and C4 levels) 
and 3 (97% reduction of CH», 94% reduction of C4 levels), 
but circulating immune complexes could not be detected at 
any time in any patient. 




Fig 7. Reduction in tumor burden in patient 4, A 90% reduc- 
tion in IN volume was observed over a four-week period. 



Effects of IF5 on normal B cells. Attempts to monitor 
numerical changes and functional alterations of normal B 
cells in patients receiving 1 F5 serotherapy (by assessing 
proliferative responses to polyclonal B cell mitogens and in 
vitro Epstein-Barr virus (EBV)-induced immunoglobulin 
synthesis) were precluded by the extremely low numbers of 
normal B cells that could be harvested from these patients 
following antibody infusion. The paucity of B cells was due to 
two factors: baseline deficiency of normal B lymphocytes (a 
common feature of advanced, refractory B cell malignancies) 
and depletion of normal as wellas malignant B cells by 1 F5 
therapy (which has also been documented in normal nonhu- 
man primates infused with anti-CD20 antibodies, [Jeffrey 
Led better, unpublished results]), Quantitative immunoglo- 
bulin levels were carefully monitored in all patients before, 
during, and for up to five months after 1 F5 therapy Baseline 
hypogammaglobulinemia was present in patients 1 and 3, but 
no patient demonstrated a decline in any subclass of immu- 
noglobulin consequent to I F5 t hera py . 

Human ant i mouse antibody levels. I gM H AM A were 
undetectable by RIA in all patients Low levels of IgG 
HAM A (2 x pretreatment control levels) became detectable 
five months after serotherapy in patient I only. 



DISCUSSION 

This report summarizes our findings in four patients with 
refractory malignant B cell lymphomas treated with MoAb 
IF5 (anti-CD20) by continuous IV infusion for five to ten 
days, Our study differs from previous serotherapy trials of 
hematologic malignancies by employing an antibody 
directed against a non modulating antigen. This feature 
allowed us to maintain continuous high serum antibody levels 
without inducing the tumor refractoriness generally encoun- 
tered with modulating antigens.*" 11 20 The continuous infu- 
sion mode of administration allowed delivery of very high 
doses of antibody (up to #00 mg/m 2 /d in patient 4) without 
the significant pulmonary toxicity that is often observed 
following bolus injection of high MoAb doses. 8,1 0,21 Serial 
kinetic measurements revealed a dose-dependent relation- 
ship between the amount of antibody i nfused and the concen- 
tration of free MoAb in the blood stream. We found that 
even low doses of IF5 (5 to 10 mg/m 2 /d) were capable of 
depleting circulating tumor cells from the blood stream 
analogous to observations made using murine MoAbs T 101 
(for chronic lymphocytic leukemia) and J5 (for acute lym- 
phocytic leukemia)/" 11 * 20 However, in contrast to the studies 
with modulating antibodies T101 and J5 given by prolonged 
or repeated administration, the responses induced by the 
non modulating I F5 were sustained throughout the duration 
of the infusion (five to ten days). 

Although small doses of 1F5 sufficed to deplete circulat- 
ing tumor ceils, penetration of antibody into extravascular 
sites such as bone marrow and lymph nodes proved to be 
much more problematic. Intravenous administration of 400 
to BOO mg/m 2 /d was required to achieve 69% saturation of 
binding sites on lymph node tumor cells. Even at these doses 
the intranodal distribution of antibody was heterogeneous. 
The immunoperoxidase staining patterns observed in LNs 
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suggested passive diffusion of antibody down a concentration 
gradient from small blood vessels into the LN parenchyma. 
The clinical responsiveness observed appeared to correlate 
with IF5 dose administered, peak-serum MoAb concentra- 
tion achieved, and degree of ex iravascular tissue penetration 
obtained. A total dose of 52.4 mg was associated with 
progressive disease (patient 1), 104.8 mg resulted in stable 
disease in patient 2, 1 v 032 mg caused a minor response in 
patient 3, and 2,380 mg produced a partial response in 
patient 4. 

These observations have been made on a very small group 
of patients, each of whom had a different type of B cell 
lymphoma. The degree to which our findings might be 
applicable to other lymphoma patients is unclear, since each 
patient has a different tumor burden and distribution, dif- 
ferent numbers of circulating malignant ceils acting to 
absorb infused MoAb, and different surface densities of the 
Bp35 antigen Consequently, the dose levels and kinetic data 
found in our patients can only serve as a rough guideline for 
the management of other patients with this antibody. Gener- 
alizations from our findings with 1 F5 to other MoAbs should 
be made with caution in light of recent studies demonstrating 
dramatic, unpredictable kinetic and functional differences 
among difTerent antibodies recognizing the same antigen." 

The toxicity seen in these four patients was insignificant. 
Minor fever and moderate eytopenias were the only adverse 
effects observed despite administration of massive doses of 
antibody 1 F5 to patients 3 and 4. Since neither platelets nor 
neutrophils express the Bp35 antigen or label with FITC- 
IF5, the exact mechanism for the decrement in neutrophil 
and platelet counts is uncertain, it is of interest that similar 
decrements in blood counts have also been observed in 
patients treated with a ntMdiotypic antibodies. 8 Small quan^ 
titics of antibody might be absorbed via Fc receptors to these 
cells, which may then be removed from the circulation by the 
reticuloendothelial system. Although the development of 
H A M A has been a major problem in some reported series, 8,23 
antimouse antibodies were detected in only one of our four 
patients, and in this patient they did not appear until five 
months after 1F5 therapy was completed. These findings are 
in accord with other studies demonstrating that patients with 
B cell malignancies undergoing monoclonal serotherapy sel- 
dom develop HAM A, whereas patients with Tcell malignan- 
cies or solid tumors receiving similar treatment often develop 
antimouse antibodies. 24 * 25 

Previous trials of MoAb serotherapy have also generally 
encountered minimal toxicity. 3 The major adverse events 
described to date involved anaphylactoid reactions in 
patients with large circulating tumor cell burdens and/or 
high circulating antigen levels given high doses of antibody 
by rapid bolus injection. 8,1021 These episodes have been 
ascribed to pulmonary leukostasis resulting from sequestra- 
tion of antibody-coated tumor cells in the pulmonary vascu- 
lature leading to wheezingv dyspnea, and hypotension. The 
absence of circulating antigen and the prolonged duration of 
antibody administration in our trial were mitigating factors 
that probably helped avoid these untoward sequelae in our 
patients. 

The relative merits of continuous infusion of MoAbs 



compared with intermittent bolus therapy remain debatable. 
For many antibodies continuous infusion is not feasible 
because of antigenic modulation. In such circumstances 
intermittent therapy is necessary to allow regeneration of cell 
surface antigen. The bolus method is less cumbersome than 
continuous infusion and achieves higher peak MoAb concen- 
trations for equivalent doses. Whether the maintenance of 
uniform high-circulating antibody levels and reduction in 
toxicity achievable with continuous infusion are sufficiently 
advantageous to offset the inconveniences remains unan- 
swered. Nevertheless, maintenance of steady state antibody 
levels in this trial has afforded an advantageous setting for 
kinetic measurements and for the assessment of the serum 
concentrations required for MoAb penetration into the 
extravascular space. 

The mechanisms by which unmodified MoAbs might 
cause elimination of tumor cells in vivo remain controversial. 
Most workers currently view antibody-dependent cellular 
cytotoxicity and reticuloendothelial system phagocytosis of 
MoAb-eoated cells as the most likely processes involved. 3,26 
Murine MoAbs (including 1F5) fix human complement 
poorly in vitro, and consequently complement- mediated 
tumor cell lysis is not thought to be of major significance in 
vivo. The significant consumption of complement in two of 
our four patients was unexpected and suggests a possible role 
for complement in eliminating tumor cells, 

The short, incomplete responses obtained with serotherapy 
using unmodified MoAbs have been of minimal clinical 
benefit (with the notable exception of the patient described 
by Miller et al). 7 Consequently, innovative MoAb adminis- 
tration schedules, testing of new antibodies, and administra- 
tion of antibody conjugates will be necessary if the promise of 
monoclonal serotherapy is to be realized. Badger et al have 
already convincingly demonstrated cures of lymphomas in 
mice treated with radioiodinated MoAbs in a setting in 
which unmodified MoAbs were ineffective. 27 Recent clinical 
reports of responses in patients with Hodgkin's disease or 
hepatoma treated with radioiodinated ant iferrit in antibodies 
suggest that this approach will also be useful in man. 28,29 
Radiolabeled MoAbs can potentially kill not only the tumor 
cells to which they bind but could also kill neighboring cells 
that do not bind antibody by virtue of poor tissue penetration, 
antigenic modulation, or somatic mutation ("antigen-nega- 
tive variants"). Toxin-antibody conjugates are similarly 
promising, 10 although antigens such as CD20, which are not 
endoeytosed after ligand binding, 31 might not be good targets 
for this approach, since immunotoxin internalization is gen- 
erally required for cell killing. 32 The findings of our current 
pilot study should assist in the rational design of subsequent 
trials employing such radiolabeled or toxin-conjugated 
immunotoxins. 
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Value of Monoclonal Anti-CD22 (pl35) Antibodies for the Detection 
of Normal and Neoplastic B Lymphoid Cells 

By D,Y. Mason, f-L Stein, J. Gerdes, K.A.'F. Putford, E. Ralfkiaer, B, Falini, W,N Erber, K, Micklem, and K.C, Gatter 



Two monoclonal antibodies ( To1 5 and 4KB! 28) specific for 
the B cell-associated CD22 antigen (135.000 moi wt) are 
described. On irnmunoenzymattc analysis of cryostat tissue 
sections, these antibodies strongly label both mantle zone 
and germinal center B lymphoid cells in secondary lym- 
phoid follicles {and also scattered extrafollicular lymphoid 
cells} but are unr ©active with other cell types (with the 
exception of weak reactivity with some epithelioid histio- 
cytes). These reactions differ from those of monoclonal 
antibodies B1 and B2 (anti-CD20 and CD21) but are similar 
to those of the pan-B antibody B4 (anti-GDI 9h One of the 
anti-CD22 antibodies (To1 5) has been tested extensively 
by immunoenzymatic labeling on >350 neoplastic lymphoid 
and hematological samples. The CD22 antigen was found in 
tissue sections in most B cell-derived neoplasms, the ma jor 

WIDESPREAD use has been made in recent years of 
monoclonal antibodies for the immunocytochemica] 
identification of lymphoid cell populations in human tissue 
and blood samples. The first of these reagents to be charac- 
terized were directed against T cell antigens, and at the 1st 
International Workshop on Human Leucocyte Differentia- 
tion Antigens (held in Paris in 1982) eight different T 
cell-associated molecules were defined. 1 Following the con- 
vention established at that Workshop, these molecules are 
prefixed by the letters CD and listed from I to 8. 

An equivalent number of B cell-associated markers was 
not defined at the first Workshop, the only categories emerg- 
ing at that time being CD9 (a 24^000 mol wt molecule shared 
between B cells and renal tissue) and CD10 T the Common- 
ALL antigen (CALL A). A number of new B cell-associated 
molecules were, however, defined in the second Workshop 
(held in Boston in 1984) and numbered CD 19 through 24. 2 
Several of these appear to be restricted to B cells, whereas 
others are shared between B cells and dendritic reticulum 
cells (the antigen-presenting cell found in B cell follicles). 3 

Although these B cell-associated molecules are clearly 
defined entities, little information is available on their rela- 
tive value as markers in the immunocytochemieal detection 
of human B cell neoplasms, In the present article, we 
describe our experience in using two monoclonal antibodies 
against the 1 35,000 mol wt CD22 antigen for the detection of 
neoplastic B cells in cryostat sections and cell smears. It is 
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exceptions being myeloma (all cases negative) and a small 
proportion of high-grade lymphoma (©% of cases negative). 
In cell smears, the antigen could he found on neoplastic 
cells in most B cell lymphoproliferative disorders, including 
common acute lymphoblastic leukemia (ALU (90% posi- 
tive) and B cell chronic lymphocytic leukemia (GLU (89% 
positive}. We conclude that anti-CD22 antibodies are of 
vatoe for identification of human B cetf lymphoprofiferative 
disorders (especially when used in conjunction with anti- 
GDI 9 antibodies^. Previous reports that the CD22 antigen 
is absent from many B cell neoplasms are probably due to 
its being expressed within the cytoplasm of immature B 
cells rather than on their surface, 
* 1987 by Grune & Stratton, inc. 



evident from this study that anti-CD22 antibodies can be 
confidently used as pan-B reagents for identification of B cell 
neoplasms, since they react with most such tumors and are 
unreactive with T cell-derived neoplasms, 

MATERIALS AND METHODS 

Tissues 

Human tissue biopsies were obtained fresh from the Hi&topa- 
thoiogy Department of the University Hospital, Kiel, and from the 
John Radciiffe Hospital, Oxford, England, Routine tonsillectomy 
samples were obtained from the Ear, Nose, and Throat Departments 
of these hospitals. Histological diagnosis was based on examination 
of paraffin sections stained with hematoxylin and eosin and/or 
Giemsa, lymphoid neoplasms being classified according to the Kiel 
system. Immunohistological phenotyping following immunoenzy- 
matic staining of cryostat sections (described later) was performed 
as described elsewhere. 4 "* 

Cell Samples 

Smears of peripheral blood and bone marrow samples from the 
Hematology Department of the John Radciiffe Hospital and of 
normal blood from healthy laboratory personnel were stored at 
-20°C until they were labeled immunocnzymaticalfy. In addition, 
eytocentrifuge preparations of Triosil*Fico!l-separated mononuclear 
cells were stored in the same way. Tonsil cell suspensions were 
prepared and, in some experiments, enriched in follicular dendritic 
reticulum cells (FDRCs), as described previously. 7 

In some experiments, eytocentrifuge preparations were made 
from normal peripheral blood mononuclear ceils that had been 
rosetted with neuraminidase-ireated sheep RBCs. 

Immunocytochemieal Reagents 

Details of the monoclonal antibodies used in this study and of the 
immunoenzymatic reagents (eg, PAP, APAAP, peroxidase conju- 
gates) are given in previous publications. 5,6,8 ' 9 Antibodies B], B2 and 
B3 were obtained from Dr L. Nadler and from Coulter. 

Immunoenzymatic Labeling Procedures 

Tissue sections and cell smears were labeled by a two-stage or 
three*stage indirect immunoperoxidase procedure, 10 by the PAP 
immtinoperoxidase technique,* or by the APAAP immunoalkaJine 
phosphatase technique. 1 1 12 
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Production of Monoclonal Antibodies to the CD22B 
Cell-Associated Antigen 

Two antibodies of this specificity were prepared and used in this 
study. 

Antibody Tol 5. A cell fusion experiment was performed using 
spleen cells from a Balb-c mouse immunized with a potassium iodide 
extract of normal human tonsil cell membranes.' 3 - 14 Culture super- 
natants were screened by immunoperoxidase labeling of tonsil 
cryostat sections, 15 and one clone (To 1 5) reacting selectively with B 
cell follicles was cloned and grown by conventional procedures. 1 * 

Antibody 4KB 1 28, Antibody 4KB128 was obtained (by the 
same hybridoma technique) using spleen cells from a mouse previ- 
ously immunized with neoplastic cells from a case of hairy cell 
leukemia. 16 

Immunoprecipitation 

Immunoprecipitation experiments were performed by conven- 
tional procedures, using surface-iodinated human tonsil cells and 
rabbit anti-mouse Ig bound to Staphyloccal protein A as precipitat- 
ing reagent- Electrophoresis in sodium dodecyl sulfate (SDS) poly- 
acrylamide gel and autoradiography were performed by conven- 
tional techniques. 

Purification of Antigen 

Membranes extracted from frozen hairy cell leukemia spleen in 
2.5% Tween 40 were solubilized in 2% Nonidet P40, 20 mmol/L of 
Tris-HCI pH 7.5 containing protease inhibitors. ,T The detergent 
extract was precleared by passage over bovine serum albumin (BSA) 
coupled to Sepharose 4B, and 25 mL (equivalent to 20 g of original 
tissue) was then passed down a 5 mL Sepharose 4B;4KBI28 
antibody column (antibody 4 mg/mL of Sepharose) at 1 mL/h, 
After being washed with 50 mi of 250 mmol/L of NaCI in 1% 
Nonidet P40, 20 mmol/L of Tris-HGI pH 7.5 at 2 mL/h, bound 
antigen was cluted with a 40-mL pH 7.5 linear gradient at 2 mL/h 
Fractions were precipitated with 10% trichloroacetic acid (TCA), 
washed with acetone, solubilized in SDS-urea, and analyzed by SDS 
potyacrylamide gel electrophoresis (PAGE) using a 7.5% gel and 
Coomassie blue staining. 

RESULTS 

Production of Monoclonal Antibodies Tol Sand 4KB 1 28 

Supernatant from two hybridoma cell cultures. To 1 5 and 
4KB! 2S, reacted selectively with B ee)) follicles in lymphoid 
tissue, and the same pattern was maintained during cloning 
and subsequent growth of these cell lines. 

Mol Wt of A ntigen Detected by Antibodies To 1 5 
and 4KB 128 

Antibodies Tol 5 and 4KB! 28 both precipitated a polypep- 
tide chain with a mol wt under reducing conditions of 
125,000 to 135,000, In some experiments, this material' 
appeared as a doublet of two bands of only slightly different 
mol wis. It was also possible to isolate the CD22 antigen from 
human tissue using Sepharose antibody irnmunoabsor bants 
(Fig I )> This material migrated with the same mol wt as that 
of the radiolabeled band detected by immunoprecipitation. 

I mmunocytochemical Labeling of Peripheral Blood Cells 

Imntunoenzymatic staining of cell smears. Antibody 
Toi 5 labeled 15% of lymphoid cells (range 10% to 25%) in 
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Fig 1 . Demonstration of the specificity of antibody 4KB1 28 for 
the CD22 antigen by elution from an irnmunoabsor bent column 
(described in text}. In track A, the prominent protein band (arrow) 
of -126.000 mol wt represents the CD22 antigen. Small amounts 
of contaminating protein of lower mol wt are near the bottom of 
the gel. Track B shows the mol wt (in kp) of marker proteins run 
on the same gel. The mol wt of the CD22 antigen in this 
experiment was lower than the conventionally quoted figure 
(135,000) but in keeping with results reported by other authors** 
(Coomassie blue staining). 

blood smears from 15 normal subjects Antibody 4KB 1 28 
(tested on a smaller number of samples) labeled essentially 
the same number of lymphoid cells. Granulocytes, mono- 
cytes, RBCs, and platelets were unstained. In cytocentrifuge 
preparations of peripheral mononuclear cells resetted with 
sheep erythrocytes, antibodies To 15 and 4KB 128 reacted 
selectively with nonrosetting lymphocytes. 

Immunohistological Labeling of Human Tissue Sections 

Normal tissue. The two anti-CD22 antibodies labeled B 
cell follicles with moderate to strong intensity (depending on 
the labeling procedure used) staining both mantle zone 
lymphocytes and germinal center cells In eentrifuged prepa- 
rations of tonsil-cell suspensions enriched for FDRCs, anti- 
body Tol5 labeled thesecells weakly, although thiscouid not 
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be discerned (because of lymphoid cell reactivity) in tissue 
sections. 

The two anti-CD22 antibodies were compared with the 
pan-B reagents BJ, B2, and B4 (anti-CD20* 21, and 19, 
respectively). Neither Bl nor B 2 labeled B cell follicles as 
extensively as, or gave reactions of comparable intensity to, 
the two anti-CD22 reagents. Both Bl and B2 stained follicle 
mantle zone lymphocytes more weakly than germinal cen- 
ters, and much of the germinal center staining was in a 
mesh work pattern in germinal centers characteristic of 
FDRCs (particu larly marked wit h antibody B2). In con trast, 
antibody B4 was closely similar in its staining reactions to the 
ant i-C 022 reagents, labeling both mantle zones and germ i- 
nal centers. 

In addition to B cell follicles, antibodies Tol 5 and 4KB 128 
stained scattered small cells in interfollicular and paracorti- 
cal regions. The two antibodies were unreactive with all 
nonlymphoid tissue and organs tested (skin, lung, stomach, 
small and large intestine, kidney, liver, salivary and thyroid 
gland, urinary bladder, testis, and central and peripheral 
nervous tissue), with the exception of weak staining of 
epithelioid histiocytes in granulomatous lesions- Antibody 
Bl also reacted with epithelioid histiocytes, usually more 
intensely than the anti-CD22 reagents. 

Neoplastic tissues. One of the two anti-CD22 anti- 
bodies (Toi 5) was tested against a wide range of neoplasms 
(Table I). It labeled most human B cell neoplasms, the 
principal exceptions being myeloma (consistently negative) 
and a few high-grade B cell lymphomas (4 negatives in 64 
cases). The strength of labeling was usually of moderate 
intensity and could be enhanced markedly by use of the 
three-stage immunoperoxidase technique 10 or the "en- 
hanced" APAAP procedure. 9 The strongest reactions were 
seen in hairy cell leukemia and B cell prolymphocytic 
leukemia. The intensity of labeling of cases of common acute 
lymphoblastic leukemia (common ALL) and B cell chronic 
lymphocytic leukemia (GLL) varied widely; a number of 
positive cases showed only weak labeling. Nevertheless, most 
cases in each of these two disorders gave unequivocally 
positive reactions. 

Other neoplasms analyzed with antibody Tol5 (Table 1), 
were unreactive (including 56 cases of T cell lymphoprolifer- 
ative disease) with the exception of a minority of cases of 
acute myeloid leukemia. These reactions were usually weak; 
in one case of acute monocytic leukemia, however, the 
neoplastic cells were relatively strong labeled. The other 
anti-CD22 antibody (4KB 128) was tested on a smaller 
number of neoplasms and gave reactions closely similar to 
those of antibody To 15. 

DISCUSSION 

Both of the antibodies used in this study appear to 
recognize the B cell-associated molecule designated CD22. 
This is evidenced both by the results of immunopreci pita t ion 
and affinity chromatography experiments from this labora- 
tory and by similar experiments and statistical analysis of 
FACS data in the 3rd International Workshop on Human 
Leucocyte Differentiation Antigens. 18 The observation that 
in some experiments two polypeptide chains of similar mol wt 



Tabl# 1 , Immurtocytochamical Staining of Human Neoplasms 
With Antibody Tol5 (Anti-CD22> 

No. No. 
Neoplasm Tested Positive 



Bcotl derived 



Chronic lymphocytic leukemia 


53 


49 


Protymphocytiq leukemia 


7 


7 


Hairy cell leukemia 


28 


28 


Lyrhphoptasmacytoid lymphoma/Walden- 






strom's 


9 


8 


Multiple myeloma 


26 


0 


Centrobiastic-centrocytie lymphoma^ 


22 


22 


Centrocyte lymphoma 


18 


18 


Centroblastic lymphoma | 


23 


21 


Lymphoblastic lymphoma, Burkitt-type 


9 


9 


Lymphoblastic lymphoma, non-T. CALLA- 






positive 


14 


14 


Immunoblastic lymphomaf 


16 


16 


Common acute lymphoblastic leukemia 


41 


37 


Acute lymphoblastic leukemia 


1 


1 


Total 


263 


230 


tther leukemias 






Acute myelomonocytic leukemia 


15 


2 


Acute monocytic leukemia 


4 


1 


Acute megakaryoblastic leukemia 


6 


0 


Total 


25 


3 


cell derived 






Chronic lymphocytic leukemia (T cell) 


11 


0 


Senary syndrome/mycosis fungotdes 


6 


0 


Peripheral T cell lymphoma 


25 


0 


Lymphoblastic lymphoma, thymic type 


20 


0 


Lymphoblastic leukemia 


12 


0 


Total 


74 


0 


Miscellaneous 
Carcinoma 


20 


0 


Fibrosarcoma 


2 


0 


Osteosarcoma 


1 


0 


Total 


23 


0 



Staining was performed on cryost at tissue sections as described in the 
text, or by the APAAP irnmunoenzymatic procedure on blood or bone 
mairow smears, or on cytocentrif uge preparations. In all eases scored as 
positive, the majority {>70%) of neoplastic cells gave a positive 
reaction. 



•Centroblastic-centrocytic lymphoma is approximately equivalent to 
follicular lymphoma in other classifications. 

t Centroblastic and immunoblastic lymphoma are equivalent to "his- 
tiocytic lymphoma, diffuse" in the Rappaport classification. 

were immunoprecipitated is in keeping with a similar report 
from Moidenhauer and colleagues on two other anti-CD22 
antibodies. 19 

The two anti-CD22 antibodies clearly delineated B cell 
follicles in cryostat sections of lymphoid tissue and did so 
with greater clarity than did either Bl (anti-CD2G) or B2 
(anti-CD21). Hofman and co-workers 20 also found that 
antibody Bl labeled germinal center cells but only a propor- 
tion of mantle zone lymphocytes; in contrast, Bhan and 
co-workers 2 ' reported labeling of all cells in lymphoid folli- 
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cles (both mantle zones and germinal centers). This discrep- 
ancy may relate to the relative sensitivities of labeling 
methods. When adjacent lymphoid tissue sections were 
stained with antibody B! and anti-CD22 antibodies, how- 
ever, the former reagent consistently gave weaker reactions. 
In this context, the initial detection of the two anti-CD22 
antibodies by screening on tissue sections (rather than by 
binding to cell suspensions* used in screening for antibody 
B l ) may account for their better reactivity as immunohisto- 
logical reagents. 

Anti-CD22 antibodies thus appear to be valuable reagents 
for la beling B cells in tissue sections and also in cell smears, 
and are comparable in our experience to antibodies against 
the 95,000 mol wt B cell-associated marker CD 19 (first 
detected by antibody B4), 22 They appear to be specific for B 
cells, with the exceptions of weak reactions with FDRCs and 
epithelioid histiocytes, Furthermore, the reaction of anti- 
CD22 with epithelioid histiocytes and FDRCs was less 
pronounced than the labeling of these cells by antibodies Bl 
and B2, respectively. 

As shown in Table 1, positive labeling with the anti-CD22 
antibodies was obtained in most B cell neoplasms in tissue 
sections or cell smears. The negative reactions of cases of 
myeloma is in keeping with observations that a number of 
other human B cell antigens are lost during terminal differ- 
entiation to plasma cells. 2 The only positive reactions against 
neoplastic cells other than B cells were those occasionally 
observed with cells from myeloid leukemia (Table 1). This 
may be related to the observation that CD22 is weakly 



expressed by epithelioid histiocytes (ic, by another cell type 
of myeloid/monocytic origin). 

The broad spectrum of reactivity of anti-CD22 antibodies 
against neoplastic B cells observed in the present study 
contrasts with other reports that the CD22 antigen is unde- 
tectable on many B cell neoplasms. 2 This discrepancy may be 
related to reports that the CD22 antigen is initially found 
during B cell maturation in the cell cytoplasm, and only 
subsequently emerges onto the cell surface. 1 9,23 In conse- 
quence, blast cells in cases of common ALL contain cytoplas- 
mic CD22 but lack this antigen on their surface. 1 * 23 Phorbol 
ester stimulation of common ALL and pre-B cell lines can 
induce membrane expression of CD22, however, 23 The prac- 
tical implication of these observations is that immunocyto- 
chemical staining methods that allow antibodies to gain 
access to the eel! interior (ie t in fixed cell smears or tissue 
sections) will reveal cytoplasmic CD 22, whereas staining of 
cells in suspension will only reveal surface membrane anti- 
gen. 

Whatever the explanation of the higher positivity rate for 
CD22 antigen on neoplastic B cells in the present study as 
compared with previous reports, 2 it is evident that these 
monoclonal anti-CD22 antibodies will detect most B cell 
neoplasms studied in tissue sections or cell smears, Because 
identification of neoplastic cell li neagc on the basis of at least 
two independent markers is advisable, we believe that in 
routine diagnostic practice a combination of anti-CD 19 and 
CD22 antibodies constitutes a reliable pair of reagents for 
detecting B cell neoplasms. 
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Expression of Human B Cell-Associated Antigens on Leukemias and 
Lymphomas: A Model of Human B Cell Differentiation 

By Kenneth C. Anderson, Michael P. Bates, Bruce L. Slaughenhoupt, Geraldine S. Pinkus, 
Stuart F. Schlossman, and Lee M. Nadler 



A series of monoclonal antibodies that define B cell 
restricted and associated antigens was utilized in an 
attempt to characterize tumors of B lineage and to relate 
these tumors to B cell differentiate stages. Antigens that 
were previously shown to be B cell restricted on normal B 
lymphocytes were similarly expressed only on B cell malig- 
nancies. In contrast, antigens that were B cell associated 
were also found on tumors of other lineages. Moreover, on 
the basis of cell surface phenotypes, tumors of B cell origin 
were divided into three major subgroups, which corre- 



sponded to the level of differentiation of the malignant 
tumor cell: pre-B cell stage (non-T acute lymphoblastic 
leukemia and chronic myelocytic leukemia in lymphoid 
blast crisis); the mid-B cell stage (chronic lymphocytic 
leukemia, poorly differentiated lymphomas); and secretory 
B cell stage (large cell lymphomas and plasma cell tumors). 
A hypothetical model is derived that relates the malignant 
B cell to its normal cellular counterpart on the basis of cell 
surface expression of this panel of B cell-restricted and B 
cell-associated antigens. 



HUMAN LEUKEMIAS and lymphomas have 
long been recognized as heterogeneous diseases 
by their morphological appearance, clinical presenta- 
tion, and response to therapy. 1 3 Their classification 
has been traditionally based on cytologic appearance 
and cytochemical properties of the tumor 4 " 9 and, more 
recently, by immunologic markers that define both 
lineage and state of differentiation of the tumor 
cell. 10-58 Specifically, B cell tumors have been defined 
by their expression of cytoplasmic immunoglobulin 
(clg) 10 or monoclonal surface immunoglobulin 
(slg). 11,12 In an attempt to better characterize B cell 
tumors, several laboratories have developed mono- 
clonal antibodies directed at antigens that are largely 
restricted to normal and malignant B cells and distinct 
from previously described B cell-associated markers, 
including la, slg, Fc, and C3 receptors. 19 29 Nine such 
B cell-associated antigens have been reported from this 
laboratory: Bl B2, 22 B4, 27 and PC-1, 29 which are B 
cell restricted within the hematopoietic system; la, 31 
CALL A, 32 35 Tl, 36 ' 37 T10, 38 39 and PC A- 1, 28 which are 
B cell associated as they are also expressed on other 
lymphoid and myeloid cells. 

The B cell-specific antigens Bl, B2, B4, and PC-1, 
which have previously been shown to be phenotypically 
and molecularly distinct from known B cell determi- 
nants, are expressed at limited stages of B cell differen- 



From the Division of Tumor Immunology, Dana-Farber Cancer 
Institute; the Department of Pathology, Brigham and Women's 
Hospital; and the Department of Medicine, Harvard Medical 
School, Boston, MA. 

Supported in part by National Institutes of Health Grants CA 
19589 andCA 25369. 

Submitted September 29, 1983; accepted January 16. 1984. 

Address reprint requests to Dr. Kenneth C. Anderson, Division of 
Tumor Immunology, Dana-Farber Cancer Institute, 44 Binney 
Street. Boston, MA 02115. 

© 1984 by Grune & Stratton, Inc. 

0006-497 1/84/6306-0024S03.00/0 



tiation. 20,22,27,29 These antigens differ from one another 
in their expression on B cells: Bl and B4 span most of B 
cell differentiation, whereas B2 and PC-1 are 
expressed at limited stages of B cell differentiation, 
i.e., the midstage and plasma cell stage, respectively. A 
second group of B cell-associated markers, including 
la, CALLA, Tl, T10, and PCA-1, in contrast to the 
former group, are not restricted to B lymphocytes 
within the hematopoietic system, but may appear on 
granulocytes, monocytes, T lymphocytes, and null 
cells. 29,31 38 Although the wider lineage distribution of 
these antigenic markers limits their utility when used 
alone, in combination with other markers they provide 
a very useful fingerprint of both the malignant and 
normal cell. The combination of both B cell restricted 
and associated antigens have clearly complemented 
conventional morphological and cytochemical tech- 
niques for the characterization of both normal B cell 
differentiation and malignant B cell categoriza- 
tion. 4 ^ 3 

In the studies to be described below, we have ana- 
lyzed approximately 700 lymphomas and leukemias 
with a panel of monoclonal antibodies defining both B 
cell restricted and associated antigens. The analysis of 
large numbers of tumors with an extensive panel of 
antibodies has permitted the definition of their rela- 
tionship to normal hematopoietic cells. Moreover, our 
studies suggest that B cell tumors fit into defined 
stages of normal B cell differentiation. 

MATERIALS AND METHODS 

Production of Monoclonal Antibodies 

The techniques of immunization, somatic cell hybridization, and 
selection of hybridomas that were used to produce the monoclonal 
antibodies directed at the la, B4, CALLA, Bl, B2, slg, Tl, T10, 
PC-1, and PCA-1 antigens have been previously described/ 0 "* 6 

Reactivity on Normal Tissues 

The reactivity and specificity of the monoclonal antibodies 
employed in this study on Ficoll-Hypaque mononuclear cells, 47 E+ 
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(T) cells, affinity-purified slg positive 48,49 or immune rosette nega- 
tive 50 (B) cells, adherent monocytes, 5 ' granulocytes, 52 and erythro- 
cytes obtained both from peripheral blood and from lymphoid 
tissues, including tonsil, lymph node, spleen, bone marrow, and 
thymus, have been previously described in detail. 20 " 22 * 27 " 40 The 
expression of these antigens on B cells, as well as their cross- 
reactivity on cells of other lineages, is summarized in Table 1 . 

Human Leukemia, Lymphoma, 
and Myeloma Samples 

After appropriate human protection committee validation and 
informed consent, human samples were obtained for study. The 661 
tumor samples were obtained from the Dana-Farber Cancer Insti- 
tute, as well as from the Brigham and Women's, Beth Israel, and 
Massachusetts General Hospitals. Tumor cells obtained from 
patients with acute and chronic leukemia, non-Hodgkin's lympho- 
mas, and plasma cell dyscrasias, in all instances, contained >75% 
neoplastic cells by Wright-Giemsa morphology. These tumors were 
classified histopathologically, utilizing a modified Rappaport sys- 
tem. 5 B lineage was defined by the presence of monoclonal slg, as 
determined by indirect immunofluorescence with the use of anti-7, 
M, K and k monoclonal antibodies. 40 T cell tumors were identified by 
reactivity with specific T cell monoclonal antibodies including 
anti-T3 37 ' 53,54 and anti-Til. 54 * 55 Myeloid lineage was established by 
standard morphological and histochemical techniques, as well as by 
reactivity with the anti-MY7 and MY8 56 and anti-Mol 57 mono- 
clonal antibodies. All tissue specimens were immediately placed in 
medium containing 5% fetal calf serum (FCS), finely minced with 
forceps and scissors, and made into single-cell suspension by extru- 
sion through stainless steel mesh. Tumor cell samples were either 
used fresh or cryopreserved in - 196°C vapor-phase liquid nitrogen 
in 10% dimethyl sulfoxide (DMSO) and 20% human serum until the 
time of surface characterization by indirect immunofluorescence. 

Indirect Immunofluorescence 

Tumor cells were analyzed for surface phenotype by indirect 
immunofluorescence as previously described. 58 In brief, 0.5-1 x 10 6 
viable washed cells were treated with 100 /xl of a specific or control 
unreactive monoclonal antibody at saturating concentration, incu- 
bated at 4°C for 30 min, and washed 3 times. Cells were then treated 



with 100 n\ of a 1:40 dilution of goat anti-mouse IgG and goat 
anti-mouse IgM conjugated with fluorescein isothiocyanate (FITC) 
(Coulter Electronics, Hialeah, FL) and incubated at 4°C for 30 min. 
After washing, tumor cells were analyzed for immunofluorescence 
using an Epics V cell sorter (Coulter), and the percent positive cells 
was determined using the EASY system immunoprogram (Coul- 
ter). 

In addition to measuring the presence or absence of antigen 
expression on tumor cells, the relative intensity of antigen expression 
was also assayed qualitatively utilizing flow cytometry. This was 
done in an effort to define heterogeneity within the histologically 
defined subgroups of B cell tumors, as well as to relate the malignant 
cells to their normal cellular counterparts. Because antigen intensity, 
as assessed by indirect immunofluorescence, is dependent on both 
the number of antigenic determinants per cell and the cell surface 
area, we have attempted to compare cells of similar size within each 
of the histologically defined subgroups of B cell leukemias and 
lymphomas utilizing flow cytometric gating. The intensity of antigen 
expression on the tumor cell surface was qualitatively assessed 
utilizing the scale displayed in Fig. l(A-D): weak immunofluores- 
cent staining ( + ), moderate staining (+ +), strong immunofluores- 
cence (+ + +), and brightest staining (+ + + +). Although hetero- 
geneity of individual antigen intensity was observed within each 
phenotypic subgroup, a common phenotype based on the presence or 
absence of cell surface antigens as well as intensity of antigen 
expression was usually evident. 

RESULTS 

The expression of a panel of B cell restricted and 
associated antigens on tumor cells isolated from 
patients with lymphoid and myeloid leukemias and 
non-Hodgkin's lymphomas is depicted in Table 2. A 
total of 661 patients were studied, consisting of 459 
patients with leukemia, 165 patients with lymphoma, 
and 37 patients with plasma cell tumors. As shown in 
Table 2, the distribution of B4, Bl, B2, slg, and PC-1 
antigens, known to be restricted, are limited in their 
expression to tumors of B cell origin, including non-T 



Table 1 . Reactivity of Monoclonal Antibodies 


Monoclonal Antibody 


B Ceil Reactivity 


Cross-Reactivity 


Molecular Weight (kD) 


References 


AntHs 


All B cells, excluding plasma cell 


Activated T cell, CFU-C, 


29, 34 


31 






null cell {%), monocyte 






Anti-B4 


All B cells following la + pre-B cell. 


None 


40, 80 


27 




excluding plasma cell 








Anti-CALLA 


Pre-B cell 


Granulocyte (weak) 


100 


21. 32-34 


Anti-B1 


All B cells following la + B4 + CAL- 


None 


35 


20, 30 




LA + pre-B cell, excluding plasma 










cell 








Anti-B2 


B cells following la + B4 + B 1 + cu + 


None 


140 


22 




pre-B cell, lost with slgD with 










appearance of presecretory IgM 








Anti-slg 


All B cells following 


None 


IgG 150 


39 




la + B4 + B1 + cu + pre-B cell, ex- 




IgM 900 






cluding plasma cell 




IgD 150 




Anti-T1 


Subpopulation of B 1 * B cells 


Mature T cell 


67 


35, 36 


Anti-T10 


Activated B cell and plasma cell 


Prothymocyte and thymo- 


45 


37, 38 






cyte, activated T cell 






Anti-PCA-1 


Plasma cell 


Granulocyte, monocyte 


24 


28 






(weak) 






Anti-PC- 1 


Plasma cell 


None 


28 


29 
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Fig. 1 . The intensity of antigen expression on the tumor cell 
surface was qualitatively assessed as (A) weak ( + }, (B) moderate 
(++), (C) strong (+ + +). and (D) strongest (+ + + +). Back- 
ground fluorescence staining (smooth line) was obtained by incu- 
bating cells with an isotype identical unreactive monoclonal anti- 
body and developing with G/M-FITC. 



cell acute lymphoblastic leukemia (non-T ALL), lym- 
phoid blast crisis of chronic myelocytic leukemia 
(CML-BC), B cell chronic lymphocytic leukemia 
(B-CLL), and B cell non-Hodgkin's lymphomas. In 
contrast, these antigens are not expressed on 37 
patients with T cell tumors, including acute lympho- 



blastic leukemia (T-ALL), chronic lymphocytic leuke- 
mia (T-CLL), and T lymphomas. Moreover, all 
samples from 154 patients with myeloid leukemias, 
including acute myeloblastic (AML) or myelomono- 
blastic leukemia (AMMoL) and chronic myelocytic 
leukemia in stable phase (CML), were negative. 

The B4 antigen has the broadest expression of the B 
cell-restricted antigens, as the vast majority of B cell 
tumors are reactive with anti-B4. The Bl antigen 
displays a similar distribution to B4 except that those 
leukemias that appear earliest in ontogeny, i.e., non-T 
ALL and CML in lymphoid blast crisis, often lack Bl . 
The B2 antigen, on the other hand, is expressed more 
narrowly on B cell malignancies, i.e., rarely on non-T 
ALL (5%), rarely if ever on lymphoid CML-BC (0%), 
on most B-CLL (90%), and on 68% of B cell lympho- 
mas. Surface immunoglobulin (slg), although ex- 
pressed on over 80% of B cell CLL and lymphomas, is 
not expressed on either the earliest non-T ALL and 
lymphoid CML-BC or the most differentiated tumors. 
The PC-1 antigen, the most restricted of the B cell 
antigens, is wholly absent from B cell tumors, except 
for plasma cell tumors. These studies support the view 
that the B cell-restricted B4, Bl, B2, slg, and PC-1 
antigens are expressed only on distinct subgroups of B 
cell tumors. 

A panel of monoclonal antibodies directed against B 
cell-associated antigens was also examined for reactiv- 
ity on this same group of tumor cells (Table 2). The 



Table 2. Expression of B Lineage Antigens on Leukemias and Lymphomas 



Percentage of Patients Expressing Antigen 



B Cell Restricted 



B Cell Associated 



Leukemias 


Patients 


B4 


B1 


B2 


slg 


PC-1 


la 


CALLA 


T1 


T10 


PCA-1 


Bcell 
























Non-T ALL* 


117 


94 


56 




0 


0 


100 


88 


ND 


ND 


0 


CML-BCf 


12 


92 


50 


0 


0 


0 


100 


66 


ND 


ND 


0 


CLL* 


153 


99 


99 


90 


88 


0 


98 


2 


94 


ND 


0 


Tcell 
























ALL 


15 


0 


0 


0 


0 


0 


33 


7 


8 


100 


0 


CLL 


8 


0 


0 


0 


0 


0 


25 


13 


100 


13 


0 


Myeloid 
























AML/AMMOL§ 


148 


0 


0 


0 


0 


0 


100 


0 


ND 


ND 


3 


CML || 


6 


0 


0 


0 


0 


0 


100 


0 


ND 


ND 


0 


Lymphomas 
























B cellH 


151 


93 


93 


68 


83 


0 


96 


33 


16 


ND 


0 


Tcell" 


14 


0 


0 


0 


0 


0 


20 


20 


100 


100 


0 


Plasma cell tumorsff 


37 


6 


6 


0 


0 


100 


16 


0 


ND 


100 


100 



•CALLA positive and CALLA negative non-T acute lymphoblastic leukemia. 
jChronic myelocytic leukemia in lymphoid blast crisis. 
JChronic lymphocytic leukemia. 

§Acute myeloblastic and acute myelomonoblastic leukemia. 
|| Chronic myelocytic leukemia in stable phase. 

HB cell lymphomas include nodular and diffuse poorly differentiated (N and D-PDL), nodular mixed (NM), and large cell non-Hodgkin's lymphomas. 
•*T cell lymphoblastic lymphoma. 

ffPtasma cell tumors include Waldenstrom's macroglobulinemia, myeloma, plasma cell leukemia {PCD, and plasmacytoma. 
||Two of 40 non-T ALL patients tested. 
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la-like antigen (la) is expressed on nearly all B cell 
leukemias and lymphomas, but, in addition, is also 
found on 25%-33% of T cell leukemias and lymphomas 
and the majority of myeloid leukemias. The CALLA 
antigen is expressed on most (88%) non-T ALL, but in 
contrast, is only expressed on a smaller subset (< 10%) 
of other B cell leukemias and 33% of B cell lympho- 
mas. Although not found on AML or AMMoL of 
myeloid derivation, the CALLA antigen is expressed 
on a fraction of T cell leukemias and lymphomas 
(10%-20%), as previously described. 33 The Tl antigen, 
known to be expressed on mature T lymphocytes and a 
fraction of thymocytes, 36,37 is also present in the over- 
whelming majority of patients with B-CLL (94%). 
This distribution is rather restricted, as only cells from 
a small fraction of B cell lymphomas (16%) are 
reactive. The T10 antigen is similarly present on 
malignancies of T lineage as well as on the B-lineage 
plasma cell neoplasms. Finally, the PCA-1 antigen, 
which is strongly expressed on plasma cell tumors, is 
rarely (3%) and only weakly expressed on tumor cells 
isolated from patients with myeloid leukemias. 
Although the latter group of antigens are not B-lineage 
restricted, they are nonetheless useful, as their expres- 
sion at times is limited to distinct stages of neoplastic B 
cell differentiation. 

Utilizing the panel of B cell restricted and asso- 
ciated antigens, it is possible to subdivide the non-T 
ALL into four subgroups. Of 1 1 7 patients with non-T 
ALL who were analyzed in the present study, 110 
(94% patients) coexpressed la and B4 (Table 3) and 



could therefore be subdivided into the following sub- 
groups: 11 were Ia + B4 + CALLA Bi cyto-/x (10% 
patients); 33 expressed Ia + B4 + CALLA + Bl cyto-M 
(30% patients); 44 bore Ia + B4 + CALLA + Bl + cyto-M 
(40% patients); 22 had the Ia + B4 + CALLA + Bl + cyto- 
ji + cell surface phenotype (20% patients). The latter 
four groups defined virtually all of the non-T ALL 
studied. A few patients lacking both T cell and myeloid 
antigens and presumably non-T had unusual pheno- 
types, including Ia~B4", Ia + B4", and Ia"B4\ The 
latter patients accounted for <5% of the total popula- 
tion of non-T ALL analyzed. The pattern of cell 
surface antigens seen on lymphoid CML-BC tumor 
cells is similar to that described above for non-T ALL, 
suggesting that this tumor also corresponds to the 
earliest stages of malignant B cell ontogeny. 

Examination of the antigen intensity on each of 
these subgroups suggests that these antigens appear 
sequentially in B cell ontogeny (Table 4). The la 
antigen is strongly expressed (Fig. 1C) on all of the 
early B cell tumors. The B4 antigen, although varying 
from moderate to strong in intensity (Fig. 1, B and C), 
is clearly positive on nearly all non-T ALL; moreover, 
it is expressed on non-T ALL to a greater degree than 
on any other B cell tumor. The CALLA antigen is 
moderately to strongly expressed on most non-T ALL, 
whereas the Bl antigen is weakly to moderately (Fig. 
I, A and B) expressed on approximately 60% of these 
tumors. As noted in Table 3, only 2 of 40 non-T ALL 
studied with anti-B2 were B2 antigen positive. 
Whether this represents another "late" subgroup is 



Table 3. Expression of B Lineage Antigens on B Cell Tumors 





No. of 
Patients 








Percentage of Patients Expressing Antigen 








la 


B4 


CALLA 


B1 


B2 


slg 


T1 


T10 


PCA-1 


PC-1 


Leukemias 
























Non-T ALL* 


117 


100 


94 


88 


56 




0 


ND 


ND 


0 


0 


CML-BCf 


12 


100 


92 


66 


50 


0 


0 


ND 


ND 


0 


0 


CIL% 


153 


98 


99 


2 


99 


90 


88 


94 


ND 


0 


0 


Lymphomas 
























D-PDL§ 


52 


100 


94 


15 


92 


67 


94 


19 


ND 


0 


0 


N-PDL || 


29 


96 


100 


69 


100 


62 


72 


10 


ND 


0 


0 


NM11 


10 


100 


100 


60 


90 


80 


100 


ND 


ND 


0 


0 


Large cell 


60 


90 


87 


10 


90 


18 


77 


ND 


ND 


0 


0 


Waldenstrom •♦ 


6 


100 


100 


0 


100 


0 


50 


ND 


100 


100 


100 


Myeloma 


22 


0 


0 


0 


0 


0 


0 


ND 


100 


100 


100 


PCLff 


6 


0 


0 


0 


0 


0 


0 


ND 


100 


100 


100 


Plasmacytoma 


3 


0 


0 


0 


0 


0 


0 


ND 


100 


100 


100 



•CALLA positive and CALLA negative non-T acute lymphoblastic leukemia. 

fChronic myelocytic leukemia in lymphoid blast crisis. 

{Chronic lymphocytic leukemia. 

§Diffuse poorly differentiated lymphocytic lymphoma. 

|| Nodular poorly differentiated lymphocytic lymphoma. 

ITNodular mixed lymphoma. 

•♦Waldenstrom's macroglobulinemia. 

ffPlasma cell leukemia. 

$ JTwo of 40 non-T ALL patients tested. 
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No. of 
Patients 



Table 4. Intensity of Antigen Expression on B Cell Tumors 

Cell Surface Antigen 



Leukemia* 

Non-T ALL* 117 + + + ++/+ + + ++/+ + + 

CMl-BCt 12 + + + + + ++/+ + + 

B-CLLJ 153 + +/+ + + +/+ + 0 
Lymphomas 

D-PDL§ 52 + + + +/^+ 0 

N-PDLlI 29 + +/+ + + + / + + +/+■ + 

NMK 10 + + + + /+ + +/+ + 

Large cell 60 + W + + + + 0 

Waldenstrom " " 6 + / + + 0/+ 0 

Myeloma 22 0 0 0 

PCLff 6 0 0 0 

Plasmacytoma 3 0 0 0 



0/ + / + + 


0 


0 


ND 


ND 


0 


0 


0/ + /+ + 


0 


0 


ND 


ND 


0 


0 


+ + 


0/ + 


0/+ 


+ /+ + 


ND 


0 


0 


+ +/+ + + 


+/+ + 


+/+ + 


0/ + 


ND 


0 


0 


+ +/+ + + 


+/+ + 


+/+ + 


0/ + 


ND 


0 


0 


+ +/+ + + 


+/+ + 


+/ + + 


ND 


ND 


0 


0 


+ +/+ + + 


0 


0/ + 


ND 


ND 


0 


0 


0/ + 


0 


0/ + 


ND 


+ 


+ 


0/ + 


0 


0 


0 


ND 


+ 


+ + /+ + + 


+ + + 


0 


0 


0 


ND 


+ 


+ + / + + + 


+ + + 


0 


0 


0 


ND 


0/+ 


+ +/+ + + 


+ + + 



•CALLA positive and CALLA negative non-T acute lymphoblastic leukemia. 

f Chronic myelocytic leukemia in blast crisis. 

%B cell chronic lymphocytic leukemia. 

§Diffuse poorly differentiated lymphocytic lymphoma. 

|| Nodular poorly differentiated lymphocytic lymphoma. 

UNodular mixed lymphoma 

• •Waldenstrom's macroglobulinemia. 

ft Plasma cell leukemia. 



still to be defined. Surface Ig, as well as the plasma cell 
antigens PC-1 and PCA-1, are absent on non-T ALL. 
Utilizing this panel of monoclonal reagents, one can 
therefore define heterogeneity within the histologic 
category of non-T ALL, i.e., Ia, B4, and CALLA have 
the broadest expression, Bl is expressed on fewer 
patients, and B2, slg, PCA-1, and PC-1 are rarely if 
ever positive. 

In addition to the above, there is an additional level 
of heterogeneity that relates to intensity of antigen 
expression within each phenotypic subgroup. For 
example, within the Ia + B4 + CALLA + BPcyto-M~ sub- 
group, the expression of Bl varies from barely detect- 
able to strong. The precise meaning of this variability 
in antigen intensity within a histologically defined 
group is unclear. 

The majority of B cell leukemias and lymphomas 
correspond to the midstages of malignant B cell differ- 
entiation, which are heralded by the acquisition and 
loss of new antigens, including B2 and the isotypes of 
slg, and in some cases, Tl and CALLA. The coexpres- 
sion of la, B4, Bl, B2, and slg defines the phenotype of 
most B-CLL (Table 3). Tumor cells from most 
patients with B-CLL express either very faint cell 
surface IgM or coexpress IgM and IgG and wholly 
lack the CALLA cell surface antigen. Of great interest 
is the observation that the majority of patients with 
B-CLL (94%) also express the T cell-associated anti- 
gen, Tl. Although this represents the most common 
phenotype seen for B-CLL, it is clear that subgroups of 
B-CLL were defined that lack detectable slg and/or 
B2. These observations again show that, within a 
morphologically defined group of patients with B- 
CLL, subgroups can be identified based on immuno- 
logic cell surface heterogeneity. The antigen intensity 
on B-CLL also distinguished these tumors from non-T 



ALL and B lymphomas (Table 4). As was true for the 
non-T ALL, the Ia antigen can be moderately to 
strongly expressed on B-CLL; however, the B4 antigen 
is more weakly expressed on B-CLL than on non-T 
ALL. In contrast to non-T ALL, where the Bl antigen 
can be weak or absent, most B-CLL moderately 
express the Bl antigen. The CALLA antigen is lost 
and the B2 antigen appears to be acquired at the 
B-CLL stage. Both integral surface Ig and B2, how- 
ever, are invariably only weakly expressed when pres- 
ent. The plasma cell restricted (PC-1) and associated 
(PCA-1) antigens are wholly absent on these B-CLL 
tumors. 

B cell diffuse poorly differentiated lymphocytic lym- 
phomas of both the nodular (NPDL) and diffuse 
(DPDL) subtypes also correspond to the midstages of 
malignant B cell differentiation (Table 3). Like the 
earlier B-CLL, the overwhelming majority of these 
tumors coexpress la, B4, B 1 , B2, and slg. In contrast to 
B-CLL, the nodular PDL (69%) also express the 
CALLA antigen, and relatively few (10%) express the 
Tl antigen. CALLA, it should be noted, is rather 
unique in that it is expressed on the non-T ALL, 
disappears at the stage of B cell CLL, and reappears in 
a significant proportion of B cell lymphomas. Within 
PDL, the diffuse can be distinguished from the nodular 
subtypes by their lack of cell surface CALLA expres- 
sion. The intensity of expression of these antigens on 
the cell surface can be of further differential value 
(Table 4). Although B-CLL and DPDL strongly 
express la and lack CALLA, PCA-1, and PC-1, they 
differ in that the expression of B4 and Tl is of lesser 
intensity and the expression of B 1 , B2, and slg antigens 
of greater intensity on DPDL than on B-CLL. The 
nodular mixed (NM) lymphomas are phenotypically 
identical to NPDL, including the expression of cell 
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surface CALLA antigen. The moderate to strong 
expression of B2 on NPDL and NM lymphomas places 
these tumors at the mid-range of neoplastic B cell 
differentiation. 

The terminal stage of B cell differentiation appears 
to begin with the transformed (B lymphoblast) B cell 
and proceeds to the final step of B cell differentiation, 
the plasma cell (Table 3). The large cell lymphomas 
coexpress la, B4, Bl, and slg, but lack CALLA and 
B2. Also absent are the plasma cell antigens PCA-1 
and PC-1. Although the intensity of la and Bl expres- 
sion remains strong, that of B4 and slg is weaker on 
large cell lymphomas than on the above-mentioned 
NPDL, DPDL, and NM B cell tumors (Table 4). 
Waldenstrom cells demonstrate coexpression of la, B4, 
and Bl, with only 50% of these cells expressing slg and 
none B2 or CALLA cell surface antigens. The Wal- 
denstrom cell is the first B lineage tumor to express 
either the plasma cell-associated antigens T10 and 
PCA- 1 or the plasma cell-restricted antigen PC- 1 . The 
intensity of the la, B4, Bl, and slg antigens is less on 
the Waldenstrom cell than on large cell lymphomas. 
Nonetheless, the coexpression of the B cell (la, B4, Bl, 
slg) and plasma cell (T10, PCA-1, PC-1) antigens 
supports the notion that the Waldenstrom tumor cell is 
in "transition" from a malignant B cell to a malignant 
plasma cell. Lastly, all myelomas, whether obtained as 
tumor cells from the bone marrow, as plasma cell 
leukemias, or as solitary plasmacytomas, lack most B 
cell-restricted and B cell-associated antigens. These 
terminally differentiated B cells uniformly express 
T10, PCA-1, and PC-1. Both PCA-1 and PC-1 are 
moderately to strongly expressed on plasma cell 
tumors (Table 4) and represent the most discrete 
distribution of any of the antigens. 

DISCUSSION 

In the present report, we have characterized approx- 
imately 700 leukemias and lymphomas with a panel of 
monoclonal antibodies that defines B cell-associated 
and B cell-restricted antigens in an attempt to define a 
broad overview of their distribution on normal tissues, 



and more importantly, to relate B cell tumors to 
normal B cell differentiation. The present report is the 
first comparison of recently described antigens, i.e., 
B4, PCA-1, and PC-1, with other previously described 
antigens (Bl, B2, etc.) on a large number of malignan- 
cies and allows an appreciation of B cell tumor hetero- 
geneity that could not be obtained with either single 
reagents or small numbers of patients. Antigens that 
were previously shown to be restricted to normal B 
lymphocytes were similarly expressed only on B cell 
malignancies. In contrast, antigens that were B cell 
associated were also found on tumors of other lineages. 
The expression of these B cell restricted and associated 
antigens on B cell leukemias and lymphomas revealed 
distinct patterns of antigen expression within each 
group of histologically defined tumors. Tumor cells of 
B cell origin are capable of being divided into three 
major subgroups that correspond to the level of differ- 
entiation of the malignant tumor cell. These subgroups 
include the pre-B cell stage, the mid-B cell stage, and 
the secretory B cell stage. A hypothetical model relat- 
ing the malignant B cell to its normal cellular counter- 
part on the basis of cell surface phenotype is depicted 
in Fig. 2. 

The non-T ALL examined in this study appear to 
correspond to the pre-B cell stage of differentiation. 
Although morphologically identical, tumor cells from 
patients with non-T ALL could be subdivided into 
phenotypically defined subgroups on the basis of la, 
B4, CALLA, Bl , and cyto-M. The B cell origin of these 
tumors is now based on several lines of evidence. 
Initially, investigators demonstrated that tumor cells 
from approximately 15% of patients with non-T ALL 
contain /x-chains without light chains and correspond 
phenotypically to pre-B cells. 59 Further studies demon- 
strated that approximately 50% of non-T ALL 
expressed the Bl antigen, suggesting that they were of 
B cell lineage. 30 The Ia + CALLA + Bl ~ non-T ALL 
were next shown to be of B cell origin, as they could be 
induced by tumor promotors or conditioned media to 
express Bl and cyto-M- 60 The more recent observation 
that almost all non-T ALL expressed the B cell- 
restricted B4 antigen provided additional evidence that 



Fig. 2. Hypothetical model which relates 
the malignant B cell to its normal cellular 
counterpart on the basis of cell surface phe- 
notype. (A) Human B cell tumors. (B) Nor- 
mal B cell counterparts. 
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all of these tumors were of B cell origin. 61 Recent data 
demonstrating that all non-T ALL studied exhibited 
immunoglobulin gene rearrangements characteristic 
of B cells 62 * 63 provided additional evidence that vir- 
tually all non-T ALL were of B cell lineage. 

The orderly acquisition of antigens on non-T ALL 
supports the view that these leukemic cells provide a 
model of normal pre-B cell differentiation. The obser- 
vation that all non-T ALL strongly express the la 
antigen indicates that la develops very early on B cell 
precursors. B4 is most strongly expressed on the non-T 
cell ALL and CML in lymphoid blast crisis and 
decreases in intensity on more mature tumors. The 
CALLA antigen is expressed on slightly fewer non-T 
ALL than B4. It appears to follow B4 in B cell 
ontogeny. The Bl antigen follows the appearance of 
CALLA and is expressed on only 50% of non-T ALL. 
Hokland et al. have recently demonstrated that 
approximately half of CALLA + cells isolated from 
fetal lymphoid organs 34 and normal bone marrow 35 
coexpress Bl, and only 20% of these cells are cyto-/x + . 
This observation, combined with earlier studies dem- 
onstrating that CALLA + la + non-T ALL can be driven 
to express both Bl and cyto-/*, suggests that these are 
pre-B cells that precede the conventional cyto-jt pre-B 
cell stage in normal B cell ontogeny. The Bl antigen 
appears to be relatively weak on these tumor cells; it is 
strongly expressed only on the most mature non-T 
ALL, concomitant with the acquisition of cyto-/* 
chains. Thus, several B cell-restricted antigens appear 
prior to the conventional cyto-M + pre-B cell and 
develop in a sequential fashion. The quantitation of 
antigen intensity for each of these markers may pro- 
vide a model for their appearance in normal B cell 
ontogeny. 

The tumors corresponding to the midstages of B cell 
differentiation are heralded by the appearance of new 
antigens and more mature morphology. The tumors 
included in these stages of B cell differentiation 
include B cell CLL and poorly differentiated lympho- 
mas (Fig. 2). Multiple investigators have demon- 
strated the presence of Tl on B-CLL. 64 " 73 In our 
experience, B cell CLL phenotypically correspond to 
an immature B cell, which coexpresses la, B4, Bl, B2, 
slg, and Tl. 74 Although normal B cells have not been 
thought to express the Tl antigen, 64 " 73 Caligaris- 
Cappio et al. have isolated cells that are surface 
immunoglobulin positive (slg + ) and mouse red blood 
cell receptor positive (MRBC + ) from normal lymph 
node and tonsil, but not from peripheral blood. 75 In 
contrast, using dual fluorescent techniques, we can 
identify a small subset of circulating peripheral blood 
B cells and B cells isolated from tonsil and spleen that 
coexpress the Bl and Tl antigens. 74 Although these 



cells coexpress slg, B2, and B4, they differ from 
peripheral blood cells because they do not express the 
C3 B receptor. The B-CLL cell, therefore, may be the 
neoplastic counterpart of this small subpopulation of 
normal B lymphocytes and may not be reflective of the 
majority of circulating B cells. Moreover, although 
virtually all B-CLL also express la, B4, and Bl, small 
numbers do lack slg, B2, and Tl. Whether this defines 
a degree of heterogeneity within this histologically 
comparable group is not clear. In addition, whereas 
CLL appears to be a relatively homogeneous clinical 
and morphological entity, significant heterogeneity of 
age at presentation, organ localization, and disease 
course is seen, 76 which may relate to its phenotypic 
diversity. 

The diffuse and nodular PDL also correspond to 
stages within the mid-range of B cell differentiation 
(Fig. 2). These cells appear to correspond to the virgin 
B cell, as evidenced by their coexpression of la, B4, Bl , 
B2, IgM, and IgG. In contrast to B-CLL cells, the 
intensity of immunoglobulin is considerably stronger, 
as is the intensity of Bl expression. The B2 and B4 
antigens, although slightly less intense than on B-CLL 
cells, do not define significant heterogeneity. Nodular 
PDLs appear to uniformly express the CALLA anti- 
gen, whereas DPDL does not. These observations 
suggest that nodular and diffuse PDL may be derived 
from distinct populations of B cells. Moreover, pre- 
vious experiments in our laboratory have shown that 
the CALLA antigen may be very weakly expressed on 
the germinal center cell within the secondary follicle of 
normal lymph node, 77 providing further evidence that 
nodular PDLs are of germinal center cell origin. It is 
important to note that there is clear-cut heterogeneity 
of antigen expression within the poorly differentiated 
lymphomas defined by the presence or absence of slg 
and/or B2. For example, the majority of NPDL coex- 
press slg and B2, but there are those subgroups that 
lack each of the antigens. These observations on 
tumors corresponding to the stages of mid-B cell 
differentiation complement the observations of 
Warnke and Link, 78 namely, that histologically 
defined tumors are in fact phenotypically heteroge- 
neous. Moreover, the heterogeneity of antigen expres- 
sion suggests that histologically comparable B cell 
tumors may be derived from both unique and distinct 
subpopulations of B lymphocytes. Clearly, an under- 
standing of the function of many of these cell surface 
antigens will go far in examining some of the hetero- 
geneity noted. 

The third and final stage of B cell differentiation 
includes the secretory cells of B lineage. Tumors 
corresponding to this stage include diffuse and nodular 
large cell lymphomas, Waldenstrom's macroglobulin- 
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emias, and plasma cell tumors. The large cell lympho- 
mas appear to correspond to the transformed B lym- 
phoblast (la, B4, Bl, slg) (Fig. 2). These cells appear 
to express little or no B2 and large amounts of slg and 
Bl. This phenotypic pattern is similar to the "trans- 
formed" B lymphoblast obtained by treating normal B 
cells with pokeweed mitogen (PWM). 27 Walden- 
strom's tumors, in contrast, coexpress Bl and B4, as 
well as the plasma cell-associated antigens PCA-1 and 
PC-1 . The observed phenotype supports the notion that 
this cell represents a "transition" from the B lympho- 
cyte to the lymphoplasmacytoid cell. The loss of Bl, 
B2, and B4, coupled with the acquisition of PCA-1 and 
PC-1 on plasma cell dyscrasias, correlates with the in 
vitro pokeweed mitogen driven induction of normal B 
cell differentiation, in that loss of the Bl and B4 
antigens occurs concomitant with the acquisition of 
clg, surface T10, PCA-1, and PC-1 as well as plasma- 
cytoid morphology. 28 * 29 This stage of B cell differentia- 
tion appears to be much more homogeneous within 
each of the histologically defined subgroups than has 
been seen at the early and mid-stages of B cell differen- 
tiation. 

In the present study, we have utilized single cell 
suspensions isolated from patients with leukemias and 
lymphomas in an attempt to phenotypically correlate 
the malignant B cell with its normal B cell differentia- 
tive counterpart. In contrast to the immunoperoxidase 
technique, which preserves tissue architecture but does 
not permit accurate assessment of either antigen inten- 



sity or localization on the cell surface, flow cytometry 
of single cell suspensions of tumor cells allows one to 
both determine the cell surface phenotype and assess 
antigen intensity. One pitfall of indirect immunofluo- 
rescence and flow cytometric analysis is that small 
amounts of antigen may be present on individual 
tumor cell surfaces that are not detected by this 
technique. In addition, the antigen intensity on the 
tumor cell surface depends on both the number of 
antigenic determinants per cell and the size of the 
tumor cell, requiring one to either compare tumor cells 
of identical size or to calculate mean fluorescence 
density. In the present report, considering the large 
number of patients studied, we have attempted to 
assess antigen density on tumor cells of similar size by 
selected cell size gating on the fluorescence activated 
cell sorter. Attempts have also been made to examine 
cells visually with a fluorescent microscope in order to 
confirm our flow cytometric observations on cell anti- 
gen density. We clearly believe that the examination of 
tumor cells in single suspension and in tissue section by 
immunologic techniques will complement one another 
and existing techniques. New insight into diagnoses 
and biologic behavior of these B cell leukemias and 
lymphomas is likely to occur through a combination of 
approaches. The utilization of cell surface markers as 
defined above should permit us to not only define these 
tumors as cells of B lineage, but also to accurately 
identify their state of differentiation and their relation 
to normal B cell subpopulations. 
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using B-Cell Antibodies 

Group Art Unit: 1644 
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Mail Stop Amendment 

Commissioner for patents 
P.O. Box 1450 

ALEXANDRIA, VA 22313-1450 

Sir: 

1, Kenneth Foon, being duly warned, declare as follows: 

1 I am the Director of Clinical Investigation and Program Director for the Leukemia 
and Lymphoma Program at the University of Pittsburgh Cancer Institute Program and Professor 
of Medicine at the University of Pittsburgh School of Medicine, I have an extensive background 
in B cells and the field of immunotherapy for cancer treatment, as evidenced by my Curriculum 
Vitae, which is attached. In particular, I have been the principal investigator on clinical trials 
relating to immunotherapy of various B-cell malignancies with B-cell antibodies. I have known 
Dr Goldenberg of Immunomedics and the Garden State Cancer Center for many years as a 
researcher in the field, and we interact at meetings, I also visited with him at the Garden State 
Cancer Center in New Jersey on several occasions about 5 or so years ago. I am being 
compensated on an hourly basis for my time in connection with this declaration. 

2. I have read the Official Action dated July 26, 2007, for the above-captioned case. 
[ have also reviewed the currently pending claims for this case and read the specification. I 
understand the examiner to question what one skilled in the relevant art circa 1992 would 
understand from reading the disclosure of this patent application. In particular, the examiner 
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seems concerned about whether one skilled in the art would understand that the inventor "had 
possession" of the invention of using B cell antibodies to treat immune diseases. In this regard, 
S h e $eems to raise issues about whether the disclosure must include evidence of "relevant 
identifying characteristics' 1 and/or "a disclosed correlation between function and structure" for 
B-cell antibodies in order to sufficiently describe the invention to a skilled artisan. She also says 
that the method depends upon "finding 'B-cell antibody"' and that "without such an antibody, the 
skilled artisan cannot practice the claims method of treating an immune disease." I also see that 
the examiner says that the claims call for B-cell antibodies or fragments generally and, in her 
words, "[lack] a common structure essential for the function (e.g. antigen specificity) and the 
claims do not require any particular structure basis or testable function be share by the instant 
'B-cell antibody or fragment thereof. 1 " For the reasons which follow, I do not believe these 
concerns to be well-founded scientifically, 

3. The Cluster of Differentiation (CD) is a protocol used for the identification and 
investigation of cell surface molecules present on leukocytes. CD molecules act in various 
ways, often acting as receptors or ligands (the molecule that activates a receptor) important to a 
cell. Binding to the CD antigen generally initiates a signal cascade that alters the behavior of the 
cell. The CD nomenclature was proposed and established at the 1 st International Workshop and 
Conference on Human Leukocyte Differentiation Antigens (HLDA), which was held in 1982, The 
system was intended for the classification of the many monoclonal antibodies generated by 
different laboratories around the world against antigens/epitopes on the surface molecules of 
leukocytes. A proposed surface molecule is only assigned a CD number once two specific 
monoclonal antibodies are show to bind to the molecule. If a molecule has not been well 
characterized, or has only one monoclonal antibody, it is usually given the provisional indicator 
K w. p I have attached a listing of the antigens from both the 4 lh and the 5 th International 
Workshops. Since each CD represents at least two monoclonal antibodies, the attached lists 
show that there were many monoclonal antibodies to B cells that were known well before 1 992. 

4, One of the first B-cell antigens to be studied in depth was B1 . In 1 980, Stashenko 
et a/, described and characterized a monoclonal antibody specific to this antigen, J. 
Immunology, 125(4)1678-1685 (1980), copy appended. The anti-B1 antibody was studied 
further and the following year this group reported that all tumor cells from patients with 
lymphomas or chronic lymphocytic leukemias, bearing either monoclonal K or light chain, 
express the Bl antigen, Nadler &t a/., J, C//a Invest 67:134-140(1981), abstract appended. In 
1987, Liu et al. described a chimeric anti-CD20 antibody, 2H7, which recognized CD20 that is 
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expressed in normal as well as malignant B cells. J Immunol. 15(10):3521-6 (1987), abstract 
appended. Other scientists in the late 1980s and early 1990s were using B-cell antibodies to 
study the B-cell lineage of B-cell cancers, particularly (Non-Hodgkin's Lymphoma (NHL), For 
example, Schmid et al. and Shimoyama et al. were assessing the expression of B-cell antigens 
by B-cell malignancies (Am. J. Pathology, 139(4): 701-707 (1991) and Japanese J. Clin. Oncol. 
13(3): 447-488 (1983), respectively, copy/abstract appended), 

5 Not only were researchers describing anti-B-cell antibodies to characterize the 
B-cel! lineage of B-cell malignancies, but in the tate 1980s and early 1990s they also began to 
describe the use of B-cell antibodies for immunotherapy of B-cell malignancies. Press et al. 
used an anti-CD20 antibody, 1 F5, to treat patients with refractory malignant B-cell lymphomas. 
Blood, 96(2):584-591 (1987), copy appended. While the effect was transient, the study showed 
that the binding of B-cell antibodies affected function of the targeted cells. This same group 
reported on the use of MB1, an anti-CD37 antibody, to successfully treat a small cohort of 
patients with NHL. Press ef a/., J Clin Oncol. 7(8):1027~38 (1989), copy appended. 

6, A large number of B-cell antibodies had already been developed by 1992, 
directed to different B-cell antigens. The genus of B-cell antibodies possesses a commonality of 
function. The function shared by members of the genus is the ability to bind to a B-cell antigen. 
I was the lead author on a paper published in 1987 entitled "Immunologic Classification of 
Leukemia and Lymphoma" (Foon and Todd, Blood, 68(1): 1-31 (1987), copy appended). Table 1 
of the article lists 30 monoclonal antibodies reactive with human B lymphocytes. Many of these 
were commercially available from companies such a Coulter Immunology and Ortho System, 
Inc. Thus, the disclosure of "B-cell antibodies" described to a person of skill in the art a large 
number of different antibodies, and not just the LL2 antibody that is mentioned in the above- 
captioned application. Many of these antibodies were freely available to those of skill in the art. 

7. My aforementioned article also discloses that B-cell antibodies are useful in 
monoclonal antibody therapy of B-cell cancers. My article cites one study in which patients were 
treated with the BA-1 , BA-2 and BA-3 monoclonal antibodies to B cells, and another in which 
patients were treated with anti-B1 antibody, These studies both showed that the binding of B-cell 
antibodies to cancerous B cells affects disease progression. Thus, B-cell antibodies have been 
demonstrated to possess a commonality of function both in terms of their ability to specifically 
bind to B cells and also in the ability to affect disease progression as a result of that binding. In 
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the conclusion section of my paper I accurately predicted that B-ce!l antibodies would be found 
to be useful in the therapy of leukemias and lymphomas, 

8, Patent applications for specific B-cell antibodies already were being filed in the 
late 1 980s and early 1 990s. For example, Robinson et a/, filed an application in 1 987 that was 
directed to the use of an anti-CD20 antibody in treating B-cell malignancies. This was published 
in 1988 as WO8804936 and gave rise to a number of US patents, including US5721108, 
USS2Q4Q23, US6652852, US6893625 and others. These patents claim the 2H7 antibody that 
recognizes the BP35 anti-CD20 antigen, Ledbetter et a/, filed an application in 1986 that 
disclosed the antibody G28-5. The antibody was used to define the B-cell receptor Bp50, and 
claims to the BP50 antigen issued in US 5,247,069. Each of these applicants deposited a 
hybridoma which secreted their claimed antibody. 

9. The foregoing articles and patents establish that a large number of B-cell 
antibodies had been described and were commercially and/or publicly available prior to 1992. 
Therefore, a skilled artisan, reading the disclosure in the above-captioned case that: 

• "ablation of certain normal organs and tissues for other therapeutic 
purposes, such as the spleen in patients with immune disease or 
lymphomas, the bone marrow in patients requiring bone marrow 
transplantation, or normal cell types involved in pathological processes, 
such as certain T-lymphocytes in particular immune diseases" (page 7, 
lines 5-10) 

• Another therapeutic application for such organ- and tissue-targeting 
antibodies conjugated with a toxic agent is for the ablation of certain 
norma! cells and tissues as part of another therapeutic strategy, such as 
in bone marrow ablation with antibodies against bone marrow cells of 
particular stages of development and differentiation, and in the cytotoxic 
ablation of the spleen in patients with lymphoma or certain immune 
diseases, such as immune thrombocytopenic purpura, etc. (page 9, lines 
2-10) 

• "Specific examples include antibodies and fragments against bone 
marrow cells, particularly hematopoietic progenitor cells, pancreatic islet 
cells, spleen cells, parathyroid cells, uterine endometrium, ovary cells, 
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testicular cells, thymus cells, B-cells, T-cells, Null cells, vascular 
endothelial cells, bile duct cells, gall bladder cells, prostate cells, hormone 
receptors such as of FSH, LH, TSH, growth factor receptors, such as of 
epidermal growth factor, urinary bladder cells, and vas deferens cells" 
(page 12, lines 12-20) and 

• "Antibodies that target the spleen well include the LL2 (also known as 
EPB-2) monoclonal antibody, disclosed in Pawlak-Byczkowska, cancer 
Research, 49:4568-4577 (1989), which is directed against normal and 
malignant B cells, and which can be used for treating normal spleen cells 
in patients with immune diseases, lymphoma, and other diseases" (page 
12, lines 30-35) 

would understand that the applicant was in possession of a method of using B-cell antibodies 
generally to treat immune diseases, and not just the LL2 B-cell antibody specifically. The skilled 
artisan would understand that the contribution to the art was the teaching that B-cell antibodies 
generally could be used to treat immune diseases. These B-cell antibodies have a commonality 
of function, in that they all bind to B-cell surface antigens. In another context, that of B-cell 
cancers, this commonality of function has been found to correlate to an ability to affect disease 
progression as a result of that binding (I have discussed this in paragraph 7 above). This binding 
function is one that is testable, as I described in paragraph 3 above, and the skilled artisan would 
not need to know the structure of particular B-cell antibodies in order to be apprised of, and to 
practice, the full scope of this invention. 

10. Also in the Official Action dated July 26, 2007, in the above-captioned case, I 
understand the examiner to say that the term "immune disease" would be unclear and 
ambiguous to a knowledgeable reader of the disclosure. As a hematologist, and in the context 
of the entire disclosure of the above-Identified application, I do not find this term to be unclear or 
ambiguous, The term is used in conjunction with a discussion of the use of a B-cell antibody and 
also in conjunction with a disclosure of the ablation of normal spleen cells. The most common 
immune diseases then, and now, are autoimmune diseases. Accordingly, I understand the term 
"immune disease" in the application and the claims to mean autoimmune diseases. 

I hereby declare further that all statements made herein of my own knowledge are true 
and that all statements made on information and belief are believed to be true and further that 
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these statements were made with the knowledge that willful false statements and the like so 
made are punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may jeopardize the validity of the 
application or any patent issuing thereon. 
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SPECIAL ANNOUNCEMENT 



CD 

By W. Knapp, B. Dorken, P. Rieber, R 



Antigens 1989 

E. Schmidt, H. Stein, and A.E.G.Kr. von dem Borne 



I Workshop and {Conference 



At the recently held Fourth International 
reached* on 36 new CD cluster* and subclusters. In 
summary table should provide the reader with an up-to-date 
concerning the molecules defined by these antibodies, 
program.5 which should allow individual scientists to directly 

antibodies from the 



\ addition, 



> Third 



on Human Leukocyte Differentiation Antigens, agreement was 
seven previously established clusters were redefined. The following 
list of all presently accepted CD designations f and some basic information 
ad reports will be published separately 4 as will a new database/evaluation 
compare the specificities of new antibodies with the characteristics of all 
and Fourth International Workshop. 



CD 



Main Cellular Reactivity 



Component (| 



CH-StFucture 
Analyzedl 



CD 1a NA1/34: T6; VIT6; Leu6 

CD 1b WM-25; 4A76; NUT2 

CDlc L161; M241; 7C6; PHM3 

CD2 9.6; Til; 35.1 

CD2R T11.3; VIT13;D66 

CD3 T3:UCHT1;38.1;Leu4 

CD4 T4; Leu3a; 91.D6 

CD5 T 1 ; UCHT2; T101; HH9; AMG4 

CD6 T12;T411 

CD 7 3A1;4A;CL1.3;G3-7 

CD8 Alpha-chain: T8; Leu2a; M236; 
UCHT4;T811 
beta-chain: T8/2T8-5H7 

CD9 CLB-thromb/8; PHN200; FMC56 

CD 10 J5, VILA1.BA-3 

CD 1 1 a MHM24; 2F 1 2; CRIS-3 

CD 1 1 b Mo 1 ; 5A4.C5; LPM 1 9C 

CD 11c B-LY6; L29; BL-4H4 

CDw12 M67 

CD 13 MY7, MCS-2, TUK 1 , MOU28 

CD 14 Mo2, UCHM1. VIM 13, MoP15 

CD 15 My1,VIM-D5 

CD 16 BW209/2; HUNK2; VEP13; 3G8 

CDw17 G035.Huh/-m13 

CD 18 MHM23;M232; 11H6;CLB54 

CD 19 B4:HD37 

CD20 B1; 1F5 

CD21 B2;HB5 

CD22 HD39;S-HCL1;To15 

CD23 Blast-2, MHM6 

CD24 VIBE3: BA-1 

CD25 TAC; 7G7/B6; 2A3 

CD26 134-2C2;TS145 

CD27 VIT14; S152; OKT18A; CLB-9F4 

CD28 9.3; K0LT2 

CD29 K20;A-1A5 

CD30 Ki-1, Ber-H2; HSR4 

CD31 SG134; TM3; HEC-75; ES12F1 1 

CDw32 CIKM5; 41H16; IV.3; 2E1; KB61 

CD33 My9;H153;L4F3 

CD34 My10,BI-3C5.ICH-3 



Tiy 
Tiy, 
Tiy, 



, DC, B subset 
DC, B subset 
DC, B subset 
T 

Activated T 
T 

T subset 
T, B subset 
T, B subset 
T 

Ts 



Pre-B, M, Pit 
Lymph.Prbg., cALL. Germ Ctr. B, G 



Leukocytes 
M, G, NK 
f, G, NK, B sub 
M, G, Pit 
M, G 
M, (G). LHC 

G, (M) 
NK, G. Mac. 
G. M r Pit 
Leukocytes 
B 
B 

B subset 
B/surface B 



gp49 
gp45 
9P43 

CD58 (LFA-3) receptor, gp50 
CD2 epitopes restr. to activ. T 
CD3-complex (5 chains),gp/p 

26,20,16 
Class ll/HIV receptor, gp59 
gp67 
gplOO 
gp40 

Class I receptor. gp32a, / or /0 



p24 

Neutral endopeptidase, gp 100, 

CALLA 
LFA-1, gp 180/95 
C3bi receptor, gp 155/95 
gp 150/95 
<p90-120> 

Aminopeptidase N, gp150 
gp55 

3-FAL. X-Hapten 
FcRIII, gp50-65 

/3-chaintoCD11a,b,c 



Cytofil 



B {subset, act.M, Eo 
B.G 

Activated T. B, M 
Activated T 
T subset 
T subset 
Broad 

Activated T, B; Sternberg-Reed 
Pit. M, G. B. (T) 

M. G, B, Pit 
M, Prog., AML 
Prog 



p37/32. Ion channel? 

C3d/EBV-Rec. (CR2), p140 

gp135. homology to myelin assoc. gp 

(MAG) 
FceRII, gp45-50 
W>41/38? 
IL-2R ^chain, gp55 

p55 (dimer) 
gp44 

VLA integrin /Jl -chain. Pit GPIIa 

gp120, Ki-1 

gp140. Pit. GPIIa 

FcRII. gp40 

gp67 

gp105-120 
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CD 
Design 


Selection of Assigned 
Monoclone! Antibodies 


Main Cellular Reactivity 


Recognized Membrane 
Component (J 


Sequence/ 
CH-Structure 
Anetyzedl 


CD36 


T05. CB04, J3D3 


G, M, B 


CR1 


Y 


CD36 


5F1, CIMegl; ESIVC7 


M, Pit, (B) 


gp90. Pit GPIV 


- 


CD37 


HD28; HH1; G28-1 


B. rr,M) 


gp4f>52 


Y 


CD38 


HB7; T16 


Lymph.Prog., PC, Act. T 


p45 


Y 


CD39 


AC2; G28-2 


B subset, (M) 


gp70-100 


- 


CD40 


G28-5 


B, carcinomas 


gp50. Homology to NGF-Receptor 


Y 


CD41 


PBM 6.4; CLB-thromb/7; PL273 


Pit 


Pit GPIIb/llla complex and GPIIb 


Y 


CD42a 


FMC25; BL-H6; GR-P 


Pit 


Pit GPIX, gp23 


Y 


CD42b 


PHN89: AN51;GN287 


Pit 


Pit GPIb.gp 135/25 


Y 


CD43 


OTH 71C5: G19-1; MEM-59 


T r G, M, brain 


Leukosialin, gp95 


Y 


CD44 


GRHL1; F 10-44-2; 33-3B3; BRIC35 


T, G, M, brain, RBC 


Pgp-1, gp80-95 


Y 


CD45 


T29/33; BMAC 1;AB187 


Leukocytes 


LCA, T200 


Y 


CD45RA 


G1-15; F8-11-13; 73.5 


T subset, B, G, M 


Restricted T200. gp220 


Y 


CD45RB 


PT0/26/16 


T subset, B, G, M 


Restricted T200 


Y 


CD45RO 


UCHL1 


T subset, B. G. M 


Restricted T200, gp 1 80 


Y 


CD46 


HULYM5; 1 22-2; J4B 


Leukocytes 


Membrane cofactor protein (MCP), 


Y 








gp66/56 




CD47 


BRIC 126; CIKM1; BRIC 125 


Broad 


gp 47-52. N-lirtked gh/can 


- 


CD48 


WM68; LO-MN25; J4-57 


Leukocytes 


gp41.P Winked 


- 


CDw49b 


CLB-thromb/4; Gi14 


Pit, cultured T 


VLA-alpha2-chain, Pit GPIa 


Y 


CDw49d 


B5G10; HP2/1; HP1/3 


M, T. B,(LHC). Thy 


VLA-alpha4-chain. gp150 


- 




v>Ono 


Pit, ro 


VLA-alpha6-chain, Pit GPIc 




CDw50 


<A4 4 rvO. 4 4 f\ 4 4 

101-1D2; 140-1 1 


Leukocytes 


gp 148/ 108, PNinked 


- 


CUD 1 




(Pltl(B) 


VNR alpha-chain 


Y 


CDw52 


097; YTH66.9; Campath-1 


Leukocytes 


Campath-1. gp2 1-28 


- 


CD53 


MEM-53; HI29; HI36; HD77 


Leukocytes 


gp32-40 


- 


CD54 


RR7/7F7; WEHI-CAMI 


Broad. Activ, 


ICAM-1 


Y 


CD55 


143-30; BRIC 1 10: BRIC 128; 


Broad 


DAF (decay accelerating factor), Pl- 


Y 




F2B-7.2 




linked 




CD56 


Leu 19; NKH1; FP2- 11.14, L185 


NK, activ. lymphocytes 


gp220/l35, NKH1. isoformof 


Y 








N-CAM 




CD57 


Leu7; L183; L186 


NK, T, B sub. Brain 


gp110. HNK1 


- 


CD58 


TS2/9; G26; BRIC 5 


Leukocytes, Epithet 


LFA-3, gp40-65. PWinked 


Y 


CD59 


YTH53. 1 ; MEM-43 


Broad 


gp 18-20, PNinked 


- 


CDw60 


M-T32; M-T21; M-T41; UM4D4 


Tsub 


NeuAc- NeuAc-Gal- 


Y 


CD61 


Y2/51; CLB-thromb/1; VI-PL2; 


Pit 


Integrtn 03-. VNR 0-chain. Pit GPIIIa 


Y 




BL-E6 








CD62 


CLB-thromb/6; CLB-thromb/5; 


Pit activ. 


GMP-140(PADGEM), gp140 


Y 




RUU-SP1.18.1 






CD63 


RUU-SP2.28; CLB-gran/12 


Pit activ.. M, (G. T, B) 


gp53 


- 


CD64 


Mab32.2; Mab22 


M 


FcRI, gp75 


Y 


CDw65 


VIM2; HE 1 0; CF4; VIM8 


G, M 


Ceramide-dodecasaccharide 4c 


Y 


CD66 


CLB gran/ 10; YTH7 1 .3 


G 


Phosphoprotein pp 1 80-200 


- 


CD67 


B13.9;G10F5; JML-H16 


G 


p100, PWinked 


- 


CD68 


EBM1 1; Y2/131; Y-1/82A; Ki-M7; 


Macrophages 


gpllO 


- 




Ki-M6 








rrjfiQ 


IVfLnJ, U/O, DL-AC/p/D, rlMOO 


Activated B, T 


gp32/28, AIM 


- 


CDw/O 


Kt-24; HNE 51; HNC 142 


Activated B, -T, Sternberg-Reed cells 


i Ki-24 


- 


CD71 


138-18: 120-2A3; MEM-75; VIP-1; 


Proliferating ceils, Mac. 


Transferrin receptor 


Y 




Nu-TfR2 








CD/2 


S-HCL2; J3-109; BU-40;BU-41 


B 


gp43/39 


- 


CD73 


1E9.28.1;7G2.2.11;AD2 


B subset, T subset 


©cto-5 '-nucleotidase, p69 




CD74 


LN2;BU-43; BU-45 


B.M 


Class II assoc. invariant chain, gp 










41/35/33 




CDw75 


LN1; HH2; EBIM41 


Mature B, (T subset) 


p53? 




CD76 


HD66; CRIS-4 


Mature B. T subset 


gp 85/67 




CD77 


38.13IBLA); 424/4A1 1; 424/3D9 


Restr. B 


Globotriaosylceramide (Gb3) 




CDw78 


Anti Ba; LO-panB-a; 1588 


B, (M) 


? 





•Members of the Nomenclature Committee of the Fourth International Workshop on Human Leukocyte Differentiation Antigens: Workshop Council- 
A. Bernard. P. Beverley. L Boumsell, T. Kishimoto. W. Knapp. A. McMichaei, C. Miistein, S.F. Schlossman. E. Reinhere. G. RiethmGller. T.A. Springer, R. 
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Winchester. Workshop Organizers: T-Cetl Section: P. Rieber, R. Kurrie, S. Meuer. B-Cell Section: B. Dorken, G. Moldenhauer, P. Motler, A, Pezzutto, R. 
Schwartz-Albiez. Myeloid Antigen Section: W. Knapp, P. Bettelheim, S. Gadd, U, Koller, 0. Majdic, C. Peschel, T. Radaszkiewicz, H. Stockinger, P.AT. 
Tetteroo, C. E.v. d. School. NK-/NL-Section: R.E. Schmidt, A.C. Feller, M.R. Hadam, J. Johnson, J. Schubert, R. Schwinzer, M. Stoll, P. Uciechowski, 
K. Wonigeit. Activation Antigen Section: H. Stein, R. Schwarting. Platelet Section: A.E.G.Kr.v.d. Borne. L.G. de Bruijne-Admiraal, P.W. Modderman, 
H.K. Nieuwenhuis. Statistics Section: W.R. Gifks, L. CHdfield, A. Rutherford. 
fTo be approved by the IUIS/WH0 Nomenclature Committee. 

Jln Leucocyte Typing IV, W. Knapp, B. Dorken, P. Rieber, R.E. Schmidt, H. Stein. A.E.G.Kr. von dem Borne (eds). Oxford University Press, Oxford 
1989 (in press) 

§Leucocyte Typing IV Database and Evaluation Programme, Oxford University Press On preparation) 

|| Abbreviations: Thy, thymocytes; DC, dendritic cells; B, B cells; T, T cells; M, monocytes; G, granulocytes; Pit, platelets; Prog, progenitor cells; 
Germ.Ctr.B., germinal centre B cells; NK, NK cells; Mac, macrophages; cytopl.. cytoplasmic; LHC, epidermal Langerhans cells. 
HV, for protein antigens: sequence data available, for carbohydrate antigens: reactive oligosaccharide structure known. 



UPDATE 

CD ANTIGENS 1993 

S. F. Schlossmann L Boumsell, W. Gilks, J. M. Harlan, T. Kishimoto, C. Morimoto, J. Ritz, 
S. Shaw, R. L Silverstein, T. A. Springer, T. F. Tedder, and R. F. Todd 



The results of the 5th International Workshop on 
Human Leukocyte Differentiation Antigens were 
presented on November 3 through 7, 1993 at a 
conference held in Boston. Those present at this meeting 
represent the efforts of more than 500 laboratories world- 
wide, who have joined together over a two-year period to 
analyze 1450 antibodies and characterize over 150 mole- 
cules. Blind panels for all mAbs, including every CD, 
every known candidate for CD status, and all mAbs of 
undefined specificity were analyzed by flow cytometry. 
Other dedicated laboratories undertook serologic, molec- 
ular, biochemical, and histochemical characterization of 
the mAbs and the structures they defined. The results ob- 
tained by all groups showed almost perfect concordance. 
Detailed results of these studies will be published sepa- 
rately (1). In addition, a Leukocyte Differentiation Anti- 
gen Database (LDAD) has been developed to 1) provide 
identifying information on all molecules and mAbs stud- 



ied in the workshop; and 2) display and analyze quantita- 
tive expression of each molecule on more than 80 cell 
types 1 . Based on these findings, the workshop organizers 
are pleased to recommend the adoption of 48 new CD 
clusters and subclusters and the redefinition of 14 previ- 
ously established clusters. The following table summarizes 
the additions and changes made to the existing CD 
nomenclature. 



References 

1 . Schlossman, S. F., L. Boumsell, W. Gilks, J. M. Harlan, T. Kishimoto, 
C Morimoto, J. Ritz, S. Shaw, R. L. Silverstein, T. A. Springer, 
T. F. Tedder, and R. F, Todd, eds. 1994. In press. Leucocyte Typing 
V: White Cell Differentiation Antigens. Oxford University Press, Ox- 
ford. 



1 The LDAD program runs on IBM PCs and via emulation on Macintosh. It 
may be downloaded freely by anonymous ftp from balrog.nci.nih.gov 
(156.40.782.2) or purchased on disk (inquire by FAX (301) 480-2052). 



Table I. CD antigens 1993 



CD Designation 


Common Name 


Workshop Section 


MW Reduced 


CD15S 


sLe*, Sialyl Lewis* 


ADHESION 




CD16 


FcR IIIA/FcR 1MB 


MYELOID 


50-65 


CD16b 


FcR 1MB 


MYELOID 


48 


CD32 


Previously CDw32, FcRU 


MYELOID 


40 


CD42a 


GPIX 


PLATELETS 


23 


CD42b 


CPIB, a 


PLATELETS 


135, 23 


CD42c 


GP1 B-0 


PLATELETS 


22 


CD42d 


GPV 


PLATELETS 


85 


CD44 


Pgp-1 


ADHESION 


80-90 


CD44R 


Restricted epitope on CD44 


ADHESION 




CD49a 


VLA-1, a1 integrin chain 


ADHESION 


210 


CD49b 


VLA-2, a2 integrin chain 


ADHESION 


160 


CD49C 


VLA-3, a3 integrin chain 


ADHESION 


125 


CD49d 


VLA-4, a4 integrin chain 


ADHESION 


150, 80, 70 


CD49e 


VLA-5, a5 integrin chain 


ADHESION 


1 35, 25 


CD49f 


VLA-6, a6 integrin chain 


ADHESION 


120, 25 


CD50 


ICAM-3 


ADHESION 


124 


CD51/CD61 


Complex dependent epitope 


ADHESION 




CD52 


Campath-1 


BLIND 


21-28 


CD62E 


E-selectin, ELAM-1 


ADHESION 


115 


CD62L 


L-selectin, LAM-1, TQ-1 


ADHESION 


75-80 
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Table I. Continued 



CD Designation 


Common Name 


Workshop Section 


MW Reduced 


CD62P 


P-selectin, CMP-140, PADCEM 


ADHESION 


150 


CD66a 


BGP 


MYELOID 


1 80-200 


CD66b 


CD67, pi 00, CCM6 


MYELOID 


95-1 00 


CD66c 


MCA 


MYELOID 




CD66d 


CGM1 


MYFIOID 




CD66e 


CEA, carcinoembryonic antigen 


MYELOID 




CD67 


Now rnfiftb 






CD70 


rD27-lieand 


ACTIVATION 


7^ 1 1 n 1 70 

J J, / Df J J, 1 IU, I / u 


CDw76 


Prpvinii^lv CD7f\ 
r icviuusiy v»«J« " 


R CFI 1 


NA 




mh.1 lorw 
1 1 IU 1 , igtx 


R CFI 1 


Ad 




R9Q IpR 


R CFI 1 


JJ, HU 


CD80 


B7 BB1 


R CFI 1 


fin 


CD81 


TAPA-1 


B CELL 


22 


CD 82 


R2, 1A4, 4F9 


B CELL 


50-53 


/Tift** 


mri ^ 
riD i d 


D /~C1 1 

O V-CLL 


4j 


CDw84 




B CELL 


73 


CD85 


VMP-55,GH1/75 


B CELL 


1 20, 83 




rUN-1, bUbi 


D L±LL 


on 


CUoY 


1 IDA D 

UrA-K 


MYELOID 


50-65 


Cuoo 


C5aK 


k a v/r i Am 

MYELOID 


42 


Lucy 


rcaK 


MYbLOIL? 


55-75 




J My- I 


IVlYtlX/lU 






tx ivi-rv 


Fv\ T CLUIU 


Ann 


CDw92 






70 


CD93 




MYELOID 


120 


CD94 


KP43 


NK CELL 


43 


CD95 


APO-1 , FAS 


ACTIVATION 


42 


CD96 


TACTILE 


ACTIVATION 


160 


CD97 




ACTIVATION 


74, 80, 89 


CD98 


4F2, 2F3 


T CELL 


80, 40 


CD99 


E2, MIC2 


T CELL 


32 


CD99R 


CD99 mAb n?strirtf»d 


T CELL 


ji 


rnmn 


RR18 AR 
DO i o, r\o 


T CFI 1 




rr>wi m 

LJW 1 U 1 


RR77 RA77 


T CFI I 
I CELL 


1 ACl 


rni n9 






ah 
bU 


mi 

V^U 1 UJj 


nML- 1 


AUntoKJIN 


1 cn tc 


/T11 nA 


]34 integrin chain 


A nUCClAKI 

AUHtDKJIN 


220 


CD105 


Endoglin 


CMnATUCl IA1 

ENDOTHELIAL 


95 


CD106 


VCAM-1, INCAM-110 


ENDOTHELIAL 


100, 110 


CD 107a 


LAMP-1 


PLATELET 


110 


CD1 07b 


LAMP-2 


r»| a TCI CT 

PLAI tLET 


120 


LUW I Uo 




ADHfcblON 


80 




qai 7ni 


rKirwvri in iai 


1 70/1 50 


mi i r 


i_jr- 1 fx, jvi v_. j ri\ 


MYFI Piin 


1 c:n 
i jU 


CDw116 


HGM-CSFR, GM-CSFR 


CYTOKINE 


75-85 


CD117 


SCFR, cKIT 


CYTOKINE 


145 


CDw1 1 9 


IFNyR 


CYTOKINE 


90 


CD120a 


TNFR; 55kD 


CYTOKINE 


55 


CD120b 


TNFR* 75KD 


CYTOKINF 


75 


CDw121a 


IL-1R; Type 1 


CYTOKINE 


80 


CDw121b 


IL-1 R; Type 2 


CYTOKINE 


68 


CD122 


IL-2R; 75KD, IL-2R3 


CYTOKINE 


75 


CDw1 24 


IL-4R 


CYTOKINE 


140 


CD126 


1L-6R 


CYTOKINE 


80 


CDw1 27 


IL-7R 


CYTOKINE 


75 


CDw1 28 


IL-8R 


CYTOKINE 


58-67 


CDw1 30 


IL-6R-gp130SIG 


CYTOKINE 


130 



